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57 ABSTRACT

A parallel processing apparatus of a superscalar type
includes an instruction decoding stage which decodes four
instructions simultancously fetched from an instruction
memory and 1ssues 1nstructions which allows simultaneous
execution to related function units. The 1nstruction decoding
stage 1ncludes an instruction decoder which decodes the
instruction and 1ssues the instructions allowing simultaneous
execution to the function units, and a queue which queues
and stores the instructions fetched from the instruction
memory. This instruction decoding stage also includes a
scope logic which forms a read queue address for reading the
instructions of the queue 1n accordance with the number of
1ssued 1nstructions 1n the instruction decoder and whether a
branch 1s generated by a branch instruction, and a queue top
logic which forms a write address 1n the queue 1n accordance
with a storage state of an unissued available instruction in
the queue. Instructions are read from {four successive
addresses starting from the read address. Fetched instruc-
fions are stored 1n four addresses in the queue starting from
the write address. Four mstructions to be decoded are always
supplied to the instruction decoder 1in accordance with an
i1ssue state of the instructions. Four instructions are always
fetched from the instruction memory and queued. Therefore,
the 1nstructions can be efficiently supplied to the instruction
decoder 1n accordance with the execution state of the
instructions.

40 Claims, 27 Drawing Sheets
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PIPELINING DEVICE IN A PARALLEL
PROCESSING APPARATUS AND AN
INSTRUCTION SUPPLYING METHOD
THEREFOR

This application 1s a division of U.S. application Ser. No.
08/300,235 filed Sep. 6, 1994, U.S. Pat. No. 5,619,730,

which 1s a continuation of Ser. No. 07/779,176 filed Oct. 17,
1991.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a parallel processing
apparatus, and particularly to an improvement for efficiently
supplying instructions 1n processors of a superscalar type.

2. Description of the Background Art

In recent years, microprocessors have been remarkably
advanced, and particularly their performance and operation
speed have been increased. However, high speed of semi-
conductor memories has not been increased enough to
follow the 1increased operation speed of the microprocessors,
and thus the access of the semiconductor memories provides
bottle neck against increasing the speed of the processors.
Therefore, parallel processing has been employed for
improving the performance of the microprocessors.

As a method for achieving the parallel processing, there
1s a processing method called as a superscalar. A processor
of this superscalar type (will be called merely as a
“superscalar’”) has a construction, as shown in FIG. 1, in
which a scheduler 200 1n the superscalar detects parallelism
In an 1nstruction stream to supply 1nstructions which can be
processed 1n parallel to parallel pipelines P1, P2 and P3.
That 1s; the superscalar 1s a processing device having
following features.

(1) It fetches simultaneously a plurality of instructions.

(2) It has a plurality of function units (pipe lines) and can
execute simultaneously a plurality of instructions.

(3) It finds simultaneously executable instructions among
a plurality of fetched instructions, and simultaneously dis-
patches these simultaneously executable instructions to
related function units (pipe lines).

FIG. 2 shows a general construction of a superscalar. In
FIG. 2, the superscalar includes a plurality of function units
4, 5, 6 and 7 which perform predetermined functions,
respectively, as well as instruction memory 1 for storing
instructions, an instruction fetching (IF) stage 2 for fetching
simultaneously a plurality of instructions from the instruc-
tion memory 1 and an instruction decoding (ID) stage 3
which receives mstructions fetched by the instruction fetch-
ing stage 2. The instruction decoding stage 3 finds simulta-
neously executable instructions among the-instructions and
dispatches them to corresponding function units. The super-
scalar further includes a data memory 8 for storing results of
processing and others. The instruction memory 1 includes a
cache memory and an external memory, and can perform
high-speed reading of the 1nstructions 1n a case of cache hit,
1.€., 1f required 1nstructions exist in the cache memory.

The 1nstruction fetching stage 2 supplies an instruction
pointer (IF_PC) to the instruction memory 1 to fetch the
instructions corresponding to this instruction pointer IF_ PC
from the 1nstruction memory 1.

The 1nstruction decoding stage 3 includes an 1nstruction
decoder and a pipeline sequencer. The instruction decoder
recerves the fetched instructions from the instruction fetch-

ing stage 2 and decodes them. The pipeline sequencer
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2

(instruction scheduler) identifies, for example, machine
types of the decoded instructions and dispatches simulta-
neously the instructions of different machine types to cor-
responding function units. The machine type 1s information
for representing a function unit by which a particular
Instruction 1s processed.

Each of the function units 4-7 has a pipeline
conflguration, and executes an applied 1nstruction 1n
response to clock signals. In an example shown 1n FIG. 2,
four function units are provided, and parallel processing of
up to 4 mstructions can be performed. The function units 4
and 5 are integer operational units for performing integer
addition or others and include executing stages EX for
executing the mteger arithmetic and writing stages WB for
writing results of executed processing into data registers.

The function unit 6 is provided for executing access (i.c.,
loading or storing of data) to the data memory 8, and
includes an address forming stage (ADR), an access execut-
ing stage (MEM) for the data memory 8 and a writing stage
(WB) for writing the data in a data register (not shown). In
the writing stage (WB), loading of the data is performed.

A Tunction umit 7 1s provided for executing, e.g., a
floating-point addition, and includes three executing stages
(EX1, EX2 and EX3) and a writing stage (WB) for writing
the execution result in data register. The floating-point
number 1s a number expressed by an index and mantissa and
having a pomt which 1s not fixed. The execution of the
floating point arithmetic operation requires more cycles than
the 1nteger arithmetic and others.

In this parallel processing apparatus, each step has a
pipeline configuration, and the operation periods for 1nstruc-
tions fetching, instruction-decoding, instruction executing
and data writing overlap each other. Therefore, an instruc-
tion fetched from the instruction memory will be decoded by
the 1nstruction decoding stage in a next cycle. An operation
will be briefly described below.

The instruction decoding stage 3 supplies an instruction
fetch request to the instruction fetching stage 2. The struc-
tion fetching stage 2 supplies the instruction pointer IF__PC
to the instruction memory 1 i1n response to this instruction
fetch request and fetches a plurality of instructions corre-
sponding to the instruction pointer IF_ PC from the instruc-
fion memory 1. These fetched instructions are simulta-
neously supplied to the instruction decoding stage 3, which
in turn simultaneously decodes these supplied instructions.
Among the decoded instructions, the instruction decoding
stage 3 detects 1nstructions, which include non-competitive
calculation resources and data registers and thus allows
parallel processing, and 1ssues or dispatches these instruc-
tions allowing parallel processing to the corresponding
function units, respectively.

The function units supplied with the instructions execute
the parallel processing 1n accordance with the instructions.
The processing 1n the function units 4-7 are executed 1n a
pipeline manner, and are executed sequentially in the respec-
five stages shown in FIG. 2. Operations of the instruction
fetching stage 2, instruction decoding stage 3 and instruction
executing stage (function units 4-7) are performed in the
pipeline manner, and overlap each other when predeter-
mined operations are performed.

The operations of the respective stages 1n the pipeline
manner and the parallel processing by the function units,
which are described above, enable high-speed execution of
the 1nstructions.

Processors having parallel processing capability are
disclosed, for example, in (1) “The 1960CA Superscalar
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Implementation of the 80960 Architecture”, by S. McGeagy,
Proceedings of 35th COPMCON, IEEE 1990, pp 232-240,
and (2) “An IBM Second Generation RISC Processor
Architecture”, by R. D. Groves, Proceedings of 35th
COMPCON, IEEE 1990, pp 162—-1°70. The above prior art
(1) discloses a processor which simultaneously fetches four
instructions, and can simultaneously execute three instruc-

fions by function units of REG, MEM and CTRL.

The prior art (2) discloses a RISC processor which
simultaneously fetches four instructions. This RISC proces-
sor includes a floating-point processor, fixed point processor,
branch processor and control unit, and can simultaneously
execute the four instructions.

As described above, 1n the superscalar, a plurality of
instructions are fetched, and a plurality of instructions are
simultaneously executed, so that the processing speed can be
increased as compared with ordinary computers. For
example, 1n the construction shown 1n FIG. 2, when the four
instructions which are simultaneously fetched are executed
in parallel by the four function units 4-7, the four instruc-
tions can be processed in 4 clock cycles (in a case that the
pipelines of the function units 4, 5 and 6 are 1n a waiting,
condition until the termination of the processing of the
function units 7).

Although the instruction scheduler (or the pipeline
sequencer included in the instruction decoding stage)
executes the scheduling of instructions for efficiently execut-
ing the parallel processing, the instructions which are simul-
taneously fetched may not be simultaneously executed. As
an example, 1mstructions having following data dependency
will be reviewed.

(1) add R1, R2, R3; R2+R3=R1
(2) sub R4, R1, R5; R1_R5=R4

The above instruction (1) serves to add a content of the
register R3 to a content of the register R2 and to write a
result of addition in the register R1. Here, the superscalar 1s
one of RISCs, and has a register file. The operation 1is
executed using a register of the register file. Access to a
memory (data memory) 1s performed only by loading and
storing 1nstructions.

The above 1nstruction 2 serves to subtract a content in the
register R5 from a content in the register R1, and write a
result of the subtraction in the register R4. The operation by
these 1nstructions 1 and 2 correspond to the processing of,
for example, (x+y_ 7).

When the instructions 1 and 2 are simultaneously fetched,
they commonly use the register R1 and the instruction 2 uses
the result of the execution of the instructions 1, so that these
instructions 1 and 2 cannot be simultaneously executed. It
there 1s such data dependency between the instructions,
conditions of issue of instructions (i.e., a form of issue of the
instructions from the instruction decoding stage to the
function units) can be as shown in FIG. 3.

FIG. 3 shows conditions 1n which only the instructions
allowing simultaneous processing are issued. The simulta-
neously 1ssued instructions are determined 1n an order from
a smaller address to a larger address (from left to right in the
Figure).

In FIG. 3, numerals encircled by squares represent

instructions which can be 1ssued without mutual data depen-
dency.

In a cycle 1 shown 1n FIG. 3, the mstructions 2, 3 and 4
have data dependency on each other or on the instruction 1.
Therefore, the instructions 2, 3 and 4 cannot be 1ssued, and
only the instruction 1 1s 1ssued.
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In a cycle 2, the mstruction 4 has the data dependency on
the instruction (2) and/or (3) and the instructions 2 and 3
have not mutual data dependency, so that the instructions 2
and 3 are 1ssued.

In a cycle 3, the remaining instruction 4 1s 1ssued.

In a cycle 4, four instructions 5—8 which are newly
fetched are decoded, and the instructions 5 and 6 having no
mutual data independency are 1ssued.

In a cycle 5, the mstructions 7 and 8 do not have the
mutual data dependency, and thus are 1ssued. In a scheme
shown 1n FIG. 3, fetching of the mstructions 1s delayed until
the last instructions 1-4 which were simultaneously fetched
are entirely 1ssued, in which case 1t requires five cycles
between the 1ssue of all the first fetched instructions 1-4 and
the 1ssue of all the subsequently fetched instructions 5-8.
Therefore, in such an instruction supplying and issuing
method, emptiness 1s formed 1n the pipelines, and thus the
high-speed processing efficiency of the parallel processing
apparatus 1s 1mpaired.

Even 1n this case, if there were no data dependency
between the mstruction 4 and the mstructions 5 and 6 1n FIG.
3, and a given number of 1nstructions could be fetched from
the 1nstruction memory, an instruction i1ssue scheme shown
in FIG. 4 would be allowed. FIG. 4 shows 1nstruction 1ssue
conditions in an improved issue scheme.

Referring to FIG. 4, the imnstruction 1 among the simul-

taneously fetched four instructions 1-4 1s 1ssued 1n the cycle
1.

In the cycle 2, a new instruction 5 1s supplied, and the
mstructions 2-5 are decoded. Among the four instructions

2-5, the 1nstructions 2 and 3 having no dependency are
1ssued.

In the cycle 3, new mstructions 6 and 7 are supplied, and
the instructions 4-7 are decoded. In accordance with a result
of decoding, mstructions 4, 5 and 6 are 1ssued.

In the cycle 4, new 1nstructions 8, 9 and 10 are supplied
and the instructions 7-10 are decoded. In accordance with
the result of this decoding, the instructions 7 and 8 are
1ssued.

In the instructions issuing scheme shown 1n FIG. 4, only
four cycles are required for issuing the eight instructions
1-8, and high-speed processing can be executed as com-
pared with the scheme shown 1n FIG. 3. As one of methods
for achieving the instruction 1ssue scheme shown 1n FIG. 4,
a method shown i FIG. § can be contemplated. FIG. 5
shows procedures for supplying instructions, by which the
instruction issue conditions shown in FIG. 4 can be
achieved.

In a step (1) shown in FIG. §, when instructions 2 and 3
among the 1nstructions 2-5 held by an 1nstruction register,
which 1s employed for holding the instructions, are 1ssued,
emptiness 1s formed 1n the instruction register.

In a step (2), a content of the instruction register is shifted
by a number corresponding to the number of the empty
registers. That 1s; in the step (2) in FIG. 5, register positions
of the mstructions 4 and 5 are respectively shifted leftward
by two.

In a step (3), subsequent instructions 6 and 7 are fetched
into these empty instruction registers. The steps (1)—(3)
shown 1n FIG. 5 must be executed in one cycle. A construc-
tion shown 1 FIG. 6 may be contemplated for performing
the 1nstruction shifting operation shown in FIG. 5.

In FIG. 6, an instruction decoding stage includes instruc-
tion registers R1-R8&8 for storing the instructions, a barrel
shifter BR for shifting the applied instructions and an
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instruction decoder ID. The instruction registers IR1-IR4
store the instructions fetched by the instruction fetching
stage 2 and the instructions shifted by the barrel shifter. The
instruction registers IR5—IR8 accommodate the instructions
applied to the mstruction decoder ID without decoding. The
barrel shift BR shifts the instructions from the instruction
registers IR5—IRS& in accordance with information of 1ssued
instruction count from the instruction decoder ID.

Usually, the parallel processing apparatus operates in
accordance with clock signals T and L in two phases without
mutual overlapping. An operation will be briefly described
below.

Instructions which were fetched in the last cycle are held
in the instruction registers IR1-IR4 1n response to the clock
signal T. The holding instructions of the 1nstruction registers
IR1-IR4 are applied to and decoded by the instruction
decoder ID, and are 1ssued to the instruction units 1n
accordance with a decoded resullt.

The 1nstruction registers IR5—IRS& are responsive to the
clock signal to hold the instructions applied to the instruc-
tion decoder ID and apply the same to the barrel shifter BR.
The barrel shift BR responds to the information of the 1ssued
instruction count from the 1nstruction decoder ID by shifting
the 1nstructions applied from the instruction registers
IR5-IR8&. The contents of the barrel shifter BR are applied
to and held by the instruction registers IR1-IR4 1n response
to the subsequent clock signal T.

In this case, the barrel shifter 1s required to complete the
shifting operation for the instructions in a period between
the clock signal L and the subsequent clock signal T. In the
barrel shifter BR, however, an instruction length 1s long
(¢.g., 32 bits; the instruction length is fixed in RISC), so that
the 1nstruction shifting operation cannot be performed at a
high-speed and requires a long period of time. Therefore, it
1s 1mpossible to apply the instructions to the instruction
registers IR1-IR4 to be held therein in response to the
subsequent clock signal T, and thus 1t 1s impossible to supply
the nstructions to the instruction decoder ID at a high speed,
which 1mpairs the high-speed operability of the parallel
processing apparatus.

The 1nstruction memory 1s required to obtain information
of a number of the empty registers in the 1struction registers
IR1-IR4 and determine the instruction supply number and
the 1nstruction supply positions based on this information.
The information relating to the number of the existing empty
registers 1n the instruction registers RI1-RI4 1s obtained by
the 1ssued 1nstruction count information from the i1nstruction
decoder ID. However, this 1ssued instruction count infor-
mation 1s 1ssued after the decoding operation by the mstruc-
fion decoder ID. Therefore, 1t requires a long time to
determine the instruction supply number and instruction
supply positions by the 1nstruction memory, and a timing for
starting the determining operation 1s delayed. Therefore, it
requires a long period of time for fetching the desired
instructions, and 1ncreased period of the clock signals T and
L 1s required for executing the instructions without disturb-
ing the pipeline architecture, which impairs the high-speed
operability of the parallel processing apparatus.

SUMMARY OF THE INVENTION

Accordingly, an object of the invention is to provide a
parallel processing apparatus capable of efficiently perform-
ing parallel processing.

Another object of the invention 1s to provide a parallel
processing apparatus provided with an instruction suppling,
device capable of efficiently performing parallel processing.

10

15

20

25

30

35

40

45

50

55

60

65

6

Still another object of the invention 1s to provide an
instruction supplying device for improving a parallel pro-
cessing performance of a processor of a superscalar type.

Yet another object of the invention i1s to provide an
instruction supplying method for improving a parallel pro-
cessing performance 1n a parallel processing apparatus.

Further another object of the mnvention 1s to provide an
instruction supplying method for improving a parallel pro-
cessing performance 1n a parallel processing apparatus of a
superscalar type.

An 1nstruction supplying device 1 a parallel processing
apparatus according to the invention includes means for
forming an availability flag indicating availability/
unavailability of an instruction 1n response to a signal which
indicates whether the instruction 1s supplied from an mnstruc-
flon memory device or not, a reset signal and branch
ogeneration i1ndicating information which indicates genera-

tion of branch; and memory means for simultaneously
storing a plurality of instructions, which are simultaneously
fetched from an 1nstruction memory as well as addresses and
availability flags of the simultaneously fetched instructions
in said instruction memory. This memory means includes a
plurality of entry storing regions, of which each entry 1s
formed of one imstruction, a corresponding address and a
corresponding availability flag. This memory means further
includes a plurality of input ports to which respectively
different write entry contents are simultaneously
transmitted, a plurality of output ports to which respectively
different read entry contents are stmultancously transmitted,
and means for coupling a plurality of write entries and a
plurality of read entries to the input ports and the output
ports 1n response to write queue addresses and read queue
addresses, respectively.

This nstruction supplying device further includes means
for generating said write queue addresses and read queue
addresses 1n response to 1ssued 1instruction count
information, a branch generation indicating signal and an
instruction supply indication signal indicating a fact that an
instruction 1s supplied, respectively.

Contents of the entries which are simultancously read
from the memory means are applied to the instruction
decoding device.

The memory device includes the mput ports and output
ports which can be individually accessed. Through these
output ports, a plurality of instructions which are simulta-
neously fetched from the instruction memory are stored
together with the addresses and the availability flags 1n the
different entry regions, respectively.

A plurality of entry regions are simultaneously selected
from these entry storing regions in response to the read
queue addresses and are connected to the different output
ports, respectively, whereby a plurality of entry contents are
simultaneously read. Since these input ports and output ports
are 1ndividually accessible, writing and reading for the
entries can be simultancously executed. The write queue
addresses and read queue addresses are selected 1n accor-
dance with the conditions of issue of the mstructions and the
conditions of supply of the mstructions from the instruction
memory, and a constant number of instructions are always
applied to the instruction decoding device as 1ssue target
instructions. The availability flags determine whether the
1ssue of the instructions are allowed.

In this manner, an appropriate number of instructions
which compensates the 1ssued instructions are always sup-
plied simultaneously to the instruction decoding device, and
thus the instruction supply can be efficiently conducted,
which enables high-speed execution of the instructions.
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The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present 1nvention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a conceptional construction of a parallel
processing apparatus;

FIG. 2 shows a general construction of a parallel process-
Ing apparatus;

FIG. 3 shows an 1nstruction supplying scheme 1n a prior
art parallel processing apparatus;

FIG. 4 shows an instruction supplying scheme intended
by the present invention;

FIG. 5 shows an mstruction supplying scheme which can
be contemplated for achieving an instruction supplying
scheme shown 1n FIG. 4;

FIG. 6 shows an example of a construction for achieving
an 1nstruction supplying scheme in FIG. 5;

FIG. 7 shows two-phase clocks used 1n an parallel pro-
cessing apparatus;

FIGS. 8(A) and 8(B) show a construction of an instruction
supplying stage in a parallel processing apparatus of an
embodiment of the invention;

FIG. 9 shows a conceptional construction of a queue in
FIG. 8;

FIG. 10 shows fundamental movement of addresses of a
queuc 1n a parallel processing apparatus according to the
mvention;

FIG. 11 shows movement of write/read addresses and
availability flags in a queue 1n a parallel processing appa-
ratus of the 1mmvention;

FIG. 12 shows movement of write/read addresses and
availability flags 1n a queue when an instruction fetch
request 1s 1ssued and an 1nstruction supply 1s not performed
in a parallel processing apparatus of the invention;

FIG. 13 1s a list showing logic for achieving queue-top
logic shown 1 FIG. 8;

FIG. 14 1s a list showing logic for achieving scope next
logic shown 1 FIG. 8;

FIG. 15 1s a list showing logic for achieving instruction
fetch logic shown 1n FIG. 8;

FIG. 16 1s a list showing logic for achieving instruction
miss logic shown 1n FIG. 8;

FIG. 17A 1s a list showing logic for achieving queue avail
logic shown 1 FIG. 8;

FIG. 17B 1s a list showing a logic operation for achieving
queue full contained 1in FIG. 17A;

FIGS. 17C and 17D shows a logic operation of queue full
shown 1n FIG. 17B;

FIGS. 18A and 18B shows a second state of a queue;
FIGS. 19A and 19B shows a third state of a queue;

FIG. 20 1s a list showing logic for achieving queue state
logic shown 1 FIG. 8;

FIG. 21 1s a list showing instruction avail logic of a queue
shown 1n FIG. §;

FIG. 22 1s a list showing logic for achieving queue
initialized state logic shown in FIG. 8;

FIG. 23 1s a signal waveform diagram showing operations
of respective logics 1n a basic movement of a queue shown

i FIG. §;
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FIG. 24 1s a signal wavetform diagram showing operations
of respective logics of a queue shown in FIG. 8 at a time of
generation of branch;

FIG. 25 1s a signal wavetform diagram showing operations
of respective logics shown 1n FIG. 8 1n a case that instruction
supply 1s not performed with respect to an 1nstruction fetch
request;

FIG. 26 shows a conceptional correlation between
instructions, addresses and availability flags applied to a
queue from an instruction memorys;

FIG. 27 shows an example of a layout configuration of an
instruction applied to a queue;

FIG. 28 shows an example of a layout configuration of an
available address applied to a queue;

FIG. 29 shows an example of a layout configuration of
availability flags applied to a queue;

FIGS. 30(A) and 30(B) show an entire construction of a
queue;

FIG. 31 shows a construction of an entry memory device
shown 1n FIG. 30;

FIG. 32 shows a construction of an instruction memory
device and an address memory device shown 1n FIG. 31;

FIG. 33 shows an example of a construction of an
instruction and address memory devices as well as an
availability flag memory device shown in FIG. 32;

FIG. 34 shows an example of a coupling configuration of
a bit memory device shown 1n FIG. 33;

FIG. 35 15 a signal waveform diagram showing an opera-
tion of a queue during data reading; and

FIG. 36 15 a signal waveform diagram showing an opera-
tion of a queue during data writing.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 8 shows a construction of a major part of a super-
scalar which 1s one of parallel processing apparatuses and an
embodiment of the mvention. The construction shown 1n
FIG. 8 corresponds to an instruction decoding stage of the
superscalar. The device shown 1n FIG. 8 operates 1n response
to the clock signals T and L at two phases which do not
overlap each other (see FIG. 7).

Although not shown, the instruction fetching stage (see
FIG. 2) fetches a plurality of (four in this embodiment)
instructions from an 1nstruction memory in accordance with
an 1nstruction fetch request from an instruction decoding
stage. A fetched instruction IC__data and a logic address
IF__ PC_L of this fetched instruction are supplied to the
decoding stage together with a signal IC_ready which
indicates a fact that the instruction 1s supplied from the
instruction memory. The logic address IF__PC L of the
fetch 1nstruction 1s supplied from a pointer which forms an
address 1n the instruction memory and 1s mcluded 1n the
instruction fetching stage.

The 1nstruction memory generates and applies a signal
IC_busy to the decoding stage, for example, 1n such con-
ditions that access to a low-speed main memory (or an
external memory) is carried out due to cache miss or the
instruction memory 1s accessed. The above signal IC__busy
indicates that the main memory cannot accept the instruction
fetch request.

Referring to FIG. 8, an instruction supplying device,
which 1s an embodiment of the mnvention, includes a queue
9 formed of a random access memory (RAM) which stores,
as one entry, the logic address (IF__PC__L) of an instruction
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fetched from the instruction memory, a fetched instruction
(IC__data) and an availability flag (inst_ avail) indicating
availability and unavailability of the fetched instruction. The
queue p, of which construction will be described 1n greater
detail later, can store, for example, 12 entries and has a
plurality of write ports and a plurality of read ports. Owing,
to these plurality of write and read ports, contents of a
plurality of (four in this embodiment) continuous entries can
be simultaneously written or read by designating one write
cgate and one read gate.

In order to control the reading and writing of the instruc-
fion m and from the queue 9 as well as availability and
unavailability of the stored instruction, there are provided
T-latch circuits 11, 12, 13 and 28 for holding applied signals
in response to the clock signals T, L-latch circuits 17, 18, 19,
20 and 29 which are provided correspondingly to the respec-
tive T-latch circuits 10—13 and 28 for holding output data
(held data) of the corresponding T-latch circuits in response

to the clock signals L. There are further provided logic
circuits 30, 31, 32, 33, 34, 35, 36 and 50 which generate

signals, read and write addresses of the queue 9, operation
control signals and signals indicating availability/
unavailability of the instructions, based on held data of the
respective L-latch circuits 17-20 and 29, signals br__taken,
issued__inst__count and branch_ binst_ entry from the
instruction decoder 26.

The T-latch circuit 10 (will be called as a “queue top latch
107) is responsive to the clock signal T to hold an address
queue__top which indicates first addresses of a plurality of
entries in which instructions fetched by the queue 9 from the
instruction memory 1s to be written. When simultaneously
fetched four instructions are stored in the queue 9, the
instructions, their logic addresses and their availability flags
are written 1n following addresses of the queue 9:

queue__top, queue__top+1, queue_top+2, queue__top+3
wherein “+”7 represent module addition with respect to a
whole entry number (12 in this embodiment) of the queue 9.

The L-latch circuit 17 (will be called as a “queue top
[-latch 17”) holds the held data of the queue top latch 10 in
response to the clock signal L.

The T-latch circuit 11 (will be called as a “scope latch 117)

1s responsive to the clock signal T to hold, by the clock
signal T, the address of the queue 9 1n which a first one entry
among four entries to be simultaneously read from the queue
9 1s registered. That 1s; the contents of the entries of the
following addresses of the queue 9 are simultaneously read:
scope, scope+1, scope+2, scope+3
wherein “+” represent module addition with respect to the
whole entry number (12 in this embodiment) of the queue 9.

The T-latch circuit (will be called as an “instruction fetch
latch™) 12 1s responsive to the clock signal T to hold a flag
IC__fetch indicating the execution of the mstruction fetch. In
a cycle 1n which the instruction fetch request flag IC__fetch
1s “17, an 1nstruction fetch request 1s 1ssued to the instruction
fetching stage.

The L-latch circuit (will be called as an “instruction fetch
[-latch™) 19 is responsive to the clock signal L to hold the
flag IC_fetch latched in the instruction fetch latch 12.

The T-latch circuit (will be called as an “instruction miss
latch™) 13 is responsive to the clock signal T to hold the flag
IC__miss which indicates a state for waiting an instruction
from the 1nstruction memory.

The L-latch circuit (will be called as an “instruction miss
[-latch™) 20 is responsive to the clock signals L to hold the
flag IC__miss held by the instruction miss latch 13.

The T-latch circuit (will be called as an “initial state
latch™) 28 is responsive to the clock signal T to hold the flag
queue__1nit__state which indicates an initial state of the
queue 9.
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The L-latch circuit (will be called as a “queue initial state
[-latch™) 29 is responsive to the clock signal L to hold the
flag queue_ 1nit_ state held by the queue initial state latch
28.

The logic circuit 30 (will be called as a “queue top logic
30”) responds to a branch generating signal br__taken from
the 1instruction decoder 26, the queue 1nmitial state flag
queue__1nit_ state held by the queue 1nitial state L-latch 29,
the signal IC__ready, the write top address queue_ top of the
queue 9 from the queue top L-latch 17, and the flag IC__fetch
from the instruction fetch L-latch 19. The queue top logic 30
1s also responsive to the read top address scope__next of the
queue 9 in the next cycle from the logic circuit 31, as well
as the flag queue_ avail, which indicates whether the queue
9 is available (writable), from the logic circuit 34 and the
address branch__bin_ inst entry of the entry at which the
branch 1nstruction is registered and which 1s generated from
the instruction decoder 26. In response to the same, the
queue top logic 30 forms the write top address queue__top__
in of the queue 9 1n the next cycle and applied the same to
the queue top latch 10 and the logic circuits 34 and 50.

The logic circuit 31 (will be called as a “scope next logic
31”) 1s responsive to the signal br_taken, the read top
address scope_ L from the scope L-latch 18, the issued
mnstruction count data issued__inst_ count and the address
branch__inst_entry from the instruction decoder 26. In
response to the same, the scope next logic 31 generates the
write top address scope-next of the queue 9 1n the next cycle,
and also generates a flag scope>11 which indicates a fact that
this address scope_ next is larger than 11. The signal scope__
next indicating the address scope 1n the next cycle 1s applied
to the scope latch 11 and the logic circuit 50 and 1s also
applied to the logic circuit 34. The flag scope>11 1s applied
to the logic circuit 50.

The logic circuit 33 (will be called as an “instruction miss
logic 33”) is responsive to a flag IC_fetch L from the
instruction fetch L-latch 19, a flag IC_miss_ L from the
instruction miss L-latch 20, the flag br__taken and the signal
IC__ready. In response to the same, the instruction miss logic
33 forms and applies to the mstruction miss latch 13 a signal
IC__miss indicating whether i1t 1s a state for waiting an
instruction.

The logic circuit 36 (will be called as a “queue initial-
ization logic 36”) is responsive to the signal queue init
state_ L from the queue 1nitial state L-latch 29, the signal
br__taken, the signal IC__miss_ L from the instruction miss
latch 20, the signal IC_ fetch L from the instruction fetch
[-latch 19 and the signal IC__ready. In response to the same,
the queue 1mitialization logic 36 forms and applies to the
queue 1nitial state latch 28 the Slgnal queue__1nit__state
mdlcatmg whether the queue 9 1s 1n an 11:11tlal state.

The logic circuit 34 (will be called as a “queue avail logic
34”) is responsive to the address queue top L from the
queue top L-latch 17, the address scope next from the
scope next logic 31, the signal br_taken, the address
queue_top_ 1n from the queue top logic 30 and the signal
queue_ state indicating the state (first, second or third state
which will be described later) of the queue 9 from the logic
circuit 50. In response to the same, the queue avail logic 34
ogenerates and applies to the queue top logic 30 the signal
cucue_avail indicating whether the queue 9 1s available.

The logic circuit 32 (will be called as an “instruction fetch
logic 32”) 1s responsive to the signal IC_ busy which is
applied from the instruction memory or the instruction
fetching stage and 1indicates the state 1n which the instruction
memory cannot accept the instruction fetch request. In
response to the same, the mstruction fetch logic 32 generates
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and applies to the instruction fetch latch 12 the signal
IC_fetch indicating whether the fetch request 1s to be
supplied to the instruction memory.

The logic circuit 35 (will be called as an “instruction avail
logic 35”) 1s responsive to the signal IC_ready, signal
IC_ fetch 1., signal br_taken and signal IC_miss_ L to
oenerate the flag inst_ _avail 1n indicating whether the
instruction contained in the queue 9 i1s available and to
determine a value of the availability flag inst_ avail in the
entry of the queue 9.

The logic circuit 50 (will be called as a “queue state logic
507) is responsive to the address branch_ inst entry from
the 1nstruction decoder 26 and the flag queue_ top>11 from
the queue top logic 30, as well as the flag scope>11 and
address scope_next from the scope next logic 31. In
response to the same, the queue state logic 50 generates the
signal queue__state indicating an actual state of the queue 9
among the first, second and third states, and applies it to the
queue avail logic 34. In the first state described above, the
queue 9 1s 1n an 1nitial state, the write top address queue top
and read top address scope thereof are “0” or equal to each
other, and all the availability flags inst__avail of the four
entries from the address queue__top are OFF (0). This state
1s one of the reset state, branch generating state and instruc-
fion arrival waiting state. In the second state, the read top
address scope 1s equal to or less than the read top address
queue__top, 1.€., a following relationship 1s established:

scope<queue_ top
This state 1s a normal state.

In the third state, the write top address queue_ top 1s equal
to or less than the read top address scope, 1.€., a following
relationship 1s established:

queue__top=scope
This third state 1s called as a reverse state. By distinguishing
the second and third states from each other, it 1s possible to
distinguish whether the queue 9 1s empty or full 1in a state
that the address scope__next i1s equal to the address queue
top__1in. That 1s; change from the second state to the state of
(scope_ next=queue_ top_ in) represents the empty state of
the queue 9. Further, change from the third state to the state
of (scope__next=queue_ top_ in) represents the full state of
the queue 9. These second and third states will be described
in greater detail later.

Between the queue 9 and the mstruction decoder 26, there
1s provided the L-latch circuits 14, 15 and 16 which are
responsive to the clock signals L to hold contents of a
plurality of entries read from the queue 9. The L-latch circuit
14 (will be called as an “IRL latch 14”) holds a plurality of
instructions 1nst simultaneously read from the queue 9.

The L-latch circuit 15 (will be called as a “PCL latch 15”)
holds addresses PC corresponding to the instructions simul-
tancously applied from the queue 9.

The L-latch circuit 16 (will be called as an “instruction
avail L-latch 16”) holds the availability flag inst avail
associated to the instructions read from the queue 9.

The 1nstruction decoder 26 1s responsive to the addresses,
instructions and availability flags from the IRL latch 14,
PCL latch 15 and instruction avail L-latch, respectively, to
decode the applied instruction for detecting and issuing the
instructions allowing parallel execution to the function units.
The 1nstructions simultaneously 1ssued to the function units
are determined 1n an ascending order of the addresses from
the PCL latch 15, and an instruction having a smaller address
1s 1ssued earlier than those having larger addresses 1 the
instructions have mutual data dependency.

A fundamental movement of the instruction fetching
scheme according to the invention will be described below.
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FIG. 9 shows a conceptional construction of the queue 9.
In FIG. 9, the queue 9 has memory regions bearing addresses
0-11, and one entry E is stores at each address. Each entry
E includes a region I for storing an address (logic address)
of the mstruction fetched from the instruction memory, a
region II for storing the instruction IC__data fetched from
the instruction memory and a region III for storing the flag
inst__avail which indicates whether the corresponding
instruction 1s available. Four mstructions each including the
address IF__PC_L, instruction IC__data and flag inst__
avail__1in are transmitted in parallel to the queue 9 and are
simultaneously stored in different four address regions. The
register regions of the entries of the queue 9 are designated
by the addresses queue-top, and they are stored in the
regions of the addresses from queue__top to queue_ top+3.

Reading of the instructions from the queue 9 1s performed
by parallel reading of the four instructions. Designation of
the addresses for this reading 1s performed by the address
scope, and the entries registered in the addresses from scope
to scope+3 are simultancously read in parallel. Now, a
fundamental operation of the instruction fetch scheme
according to the mvention will be described with reference
to FIG. 10.

A state (1) is the 1nitial state (first state) immediately after
the reset or 1nitialization. In this initial state, both the
addresses queue__top and scope indicate the initial address
0 of the queue 9. In the queue 9, the availability flags starting
from queue_ top, 1.e., address O is set at OFF (0). In this
state, since the availability flags indicate OFF (0), the four
entries at the addresses 0—3 of the queue 9 are unavailable,
and thus 1ssue or execution 1s 1nhibited.

In a state (2), instructions are written in four addresses
starting from the address O indicated by the address queue
top. Since these written 1instructions are available
instructions, the availability flags corresponding to them are
set at ON (1), which indicates that these written instructions
are available and that reading, 1ssuing and executing of the
instructions of these four entries are allowed. In this state
(2), queue_ top is not yet changed. In this state (2), four
entries starting from the address O imndicated by the address
scope are read, and are applied to the instruction decoder for
decoding.

In the state (2), the instruction decoder issues two
instructions, which are determined to allow parallel
processing, to the function unit, and the read top address
scope 1s changed to the address 2.

In the cycle of a state (3), the read top address queue_ top
has been changed to the address 4, and four address regions
starting from this address 4 store the subsequent four
instructions 4—7. Availability flags corresponding to these
newly written mnstructions 4—7 are also set stmultaneously to
be ON.

A state (4) represents a state after the issue of one
Instruction. Since one 1struction was 1ssued, the read top
address scope has moved one to indicate the address 3.
Further, in this state (4), four new instructions 8—11 have
been written 1n four address regions starting from the
address 8 1indicated by the write top address queue__top, and
the corresponding availability flags are ON (1). In a cycle of
this state, the nstructions of four addresses starting from the
address 3 indicated by the address scope are read from the
queue 9 and are applied to the instruction decoder for
decoding.

A state (5) represents a state in which no instruction was
issued from the instruction decoder 1n the last cycle. Since
the 1ssued 1nstruction count 1s 0, the write top address scope
has not moved and indicates the address 3. In a cycle of this
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state (5), the mstructions of four addresses starting from the
address 3 indicated by the address scope are read from the
queue 9 again and are decoded by the instruction decoder. In
this state (5), owing to the queue top+4 (12 module
addition) performed in the last cycle, the write top address
queue__top is 0 (8+4=0) and the address 0 is indicated. Since
four address regions starting from the address queue_top (0)
contains instructions which are not yet 1ssued, 1.e., 1mstruc-
tions of the address 3, thee queue 9 does not perform
capturing of the instructions.

A state (6) represents a state in which three instructions
were 1ssued from the instruction decoder 1n the last cycle.
Owing to the 1ssue of the three instructions, the read top
address scope 1s shifted by three, and the address 6 1s
indicated. Instructions 12, 13, 14 and 15 are stored 1n four
address regions starting from the address O indicated by the
write top address queue_top. Since the instructions 12-15
are available, the corresponding availability flags are in ON
state. Determination of existence of an empty region in the
queue 9 1s performed by a signal queue__avail supplied from
the queue avail logic 34.

A fundamental operation when branch i1s caused by a
branch instruction will be described below with reference to
FIG. 11 showing a flow thereof. It 1s assumed that the queue
9 is in a state (11), in which the address queue_top indicates
the address 10 and the address scope indicates the address 2.
In the state (11), instructions 8, 9, 10 and 11 are written in
the addresses 10, 11, 0 and 1. Instructions 2, 3, 4 and 5 stored
in the addresses 2, 3, 4 and 5 of the queue 9 are read and
applied to the instruction decoder. In a cycle of this state
(11), an 1nstruction 2 of the address 4 is assumed to form a
branch instruction by which the branch is caused. In a next
state (2), an operation is performed as follows.

Since the branch is caused 1n the 1nstructions 2, contents
of addresses higher than the address 3 of the queue 9 1s no
longer required.

The availability flags of four entries stored in the
addresses subsequent to the address queue_ top, 1.e.,
addresses 4—7 are set at OFF (0). The addresses queue__ top
and scope are set at the address 4 of the queue 9.

An address of an branch target instruction 1s sent to the
instruction memory 1n this cycle, and then will be supplied
from the 1nstruction memory 1n the next cycle. That 1s; the
branch target instruction 1s not written 1n the queue 9 1n this
cycle.

The instructions of four entries starting from the address
scope can be decoded as an 1ssue target. However, these
contents should not be issued to the function units. In order
to 1ndicate this inhibition of 1ssue, availability flags of four
entries starting from the address queue top are set at OFF (0)
in this cycle.

In a state (13), branch target instructions 20-23 are
supplied from the instruction memory to the regions of
addresses 4—7 starting from the address queue_ top and are
written therein. These instructions 20-23 are branch target
instructions and thus are to be decoded and 1ssued so that the
availability flags thereof are set at ON (1).

In this cycle, the instructions 20—23 of four entries starting,
from the address scope (queue address 4) are applied to the
instruction decoder for decoding.

Then, description will be made with respect to a funda-
mental operation 1n a case that an instruction cannot be
supplied from the instruction memory in spite of an 1nstruc-
tion fetch request from the processor, with reference to FIG.
12 showing a tflow thereof.

It is assumed that the queue 9 is in a state (21) shown in
FIG. 12. In this state (21), instructions 8—11 are written in
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the addresses 0-3 of the queue 9, respectively. The struc-
tions 2, 3, 4 and 5 stored 1n the addresses 6, 7, 8 and 9 of the
queue 9 are applied to the instruction decoder 26 and 1is

decoded as the 1ssue target.

In this cycle, 1t 1s assumed that the instructions 2, 3 and
4 are 1ssued to the function units.

It 1s also assumed that, 1n this cycle, an instruction fetch
request 1s 1ssued to the 1nstruction memory but the instruc-
fion memory cannot supply the instruction in this cycle due
to a certain cause (€.g., cache miss, if the instruction memory
has a cache configuration).

In a state (22), since the instructions 2, 3 and 4 were issued
in the last cycle, the address scope has shifted by three and
the address scope 1s indicated.

The address queue top indicates the address 4. Since an
instruction 1s not supplied from the instruction memory, the
instructions stored 1n the addresses 4, 5, 6 and 7 of the queue
9 are different from those to which the fetch request 1s
applied and thus should not be decoded. Therefore, 1f an
instruction 1s not supplied from the 1nstructions memory, the
availability flags of four entries stored 1n the addresses
subsequent to the addresses queue_ top are set at OFF (0).

In a state (23), an instruction is not yet supplied from the
instruction memory, and the processor 1s in a state for
waiting arrival of an mstruction. Therefore, writing of
instructions in the queue 9 1s mterrupted. Meanwhile, even
if the 1nstruction fetch 1s not performed, 1ssue of 1structions
to the function units are continued through the instruction
decoder 26 as long as an unissued instruction 1s 1n the queue
9. In an example shown 1n FIG. 12, two 1nstructions were
issued 1n the last cycle (state (22)) and the address scope
indicates 11.

In a state (24), since instructions have arrived from the
instruction memory, the instructions are written 1n four
entries of the queue 9 starting from the address queue__top
(address 4). That is; the instructions 12—15 are written in the
addresses 4—7, respectively.

In the last cycle, two instructions (instructions 7 and 8)
were 1ssued, and the address scope indicates the address 1.

Then, description will be made with respect to logics
30-36 for achieving the operation shown 1n FIGS. 10-12.
First, logic achieved by the queue top logic 30 will be
described.

(1) Initial state: This state includes following two states.

(a) Reset state: signal reset=1

In this state, queue_ top=0

(b) Initialized state: signal queue_ init_state  I.=1

In this state, the write top address of the queue 9 1s set at
an address held by the queue top L-latch 17. Therefore, a
following relationship 1s established.

queue_top_in=queue_top_L

Then an uninitialized state, 1.e., a case of reset™init
state_ [.=0, will be described. The above “*” represents an
AND operation.

(2) A branch generation state: signal br_ taken=1

In this state, the address queue__top 1s set at an address 1n
which a branch instruction 1s stored in the queue 9.
Therefore, a following relationship 1s established.

queuc__top_ in=branch_ inst_ entry

The 1nstruction decoder 26 can identify the address in the
queue 9 of the applied instructions by receiving the read
queue address queue_ top through a path (not shown).

(3) A case that the instruction is not__supplied in spite of
the 1ssued instruction fetch request: 1C_fetch I.=1 and
IC__ready=0

In this state, since the address queue_ top maintains the
same value as the last cycle, a following relationship is

established.
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queue__top_1n=queue_ top_ L

(4) In a case that instruction supply is performed in
connection with the issued instruction fetch request and
there 1s emptiness 1 the queue 9:

IC_fetch_ I.=1, IC_ready=1 and queue_ avail=1
In this case, the address queue__top will be shifted by four

in the next cycle, so that a following relationship 1s estab-
lished:

queue__top_ in=queuec+4
e 2

wherein “+” 1s module addition of the module 12.
Therefore,

if (queue__top>11) {queue__top__in=queue__top__in_ 12}

(5) A case that, in spite of the fact that the instruction fetch
request 1s 1ssued and the instruction 1s supplied, there is no
empty region (for four entries) in the queue:

IC_fetch_ =1, IC_ready=1 and queue__avail=0

This state represents a state 1n which the writing of the
instruction 1s not performed because there 1s no region for
writing the instructions for four entries 1n the queue 9. The
address queue_ top maintains the same state as the last
cycle. Therefore, a following relationship is established.

queue_ top_ in=queue_ top_ L

(6) A case of an instruction arrival waiting state:

This state mcludes following two cases.

(a) A case that the instruction supply 1s not performed due
o a certain cause such as cache miss 1n spite of the fact that
the 1nstruction fetch request 1s 1ssued:

IC_fetch_ =1 and IC_ ready=0
In this state, queue_ top of the last cycle 1s maintained,
resulting 1n a following relationship:

queue_ top_ in=queue_ top_ L
(b) A case that access, for example, to the instruction
memory 1s 1mpossible:

IC_miss_ =1 and IC_ ready=0

In this state, since an nstruction i1s not supplied, the
address queue_ top maintains the last value, resulting 1 a
following relationship:

queue__top__in=queue_ top_ L

(7) A case that an instruction is applied in the instruction
arrival waiting state due to, for example, cache miss, and an
empty region exists in the queue 9:

IC_miss_ =1 IC_ready=1 and queue__avail=1

In this state, all the applied instructions can be written in
the queue 9. In this cycle of this state: a following relation-
ship 1s established:

queue__top__in=queue_ top_ L+4
wherein “+” represents module addition of the module 12.

(8) A case that there is no empty region in the queue 9 in
spite of the fact that the instruction 1s supplied in the

instruction arrival waiting state:

IC_miss_I=1, IC_ready=1 and queue_ avail=0

In this state, since the instruction cannot be written 1n the
queue 9, the address queue_top maintains a value of the last
cycle. Theretfore, a following relationship 1s established:

queue__top__1n=queue_ top_ L
(9) A case that the instruction fetch request is not
generated, and 1t 1s not 1n an 1nstruction arrival waiting state:

IC_fetch_ =0 and IC__miss_I1.=0

This state 1s a state 1n which execution of instructions of
the 1nstruction memory 1s mterrupted due to, for example,
interruption processing. In this state, the address maintains
the value of the last cycle. Therefore, a following relation-
ship 1s established:

queue__top__in=queue_ top_ L
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The logic described above 1s shown 1n a list in FIG. 13.

The logic executed by this queue_ top logic 30 will be
apparent from the above description. The queue__top logic
30 may employ any specific construction, if it satisfies the
logic table shown 1n FIG. 13. For example, as a simple form,
logics indicated by respective rows (in a lateral direction) in
the table shown 1n FIG. 13 may be formed by AND gates and
the circuit structures taking logical OR 1n each row may be
employed for completing the logic 30.

A logic operation for executing the scope next logic 31

will be described below.
(1) A reset state:

signal reset=1
In this state, the address scope 1s set at 0. That 1s:

scope__next=0
(2) Generation of a branch instruction:

br__taken=1

In this case, as shown 1n FIG. 11, the address scope 1s set
at an address of the queue 9 1n which the branch instruction
1s stored. Therefore, a following relationship 1s established:

scope__next=branch__inst_ entry
(3) A state other than those described above:

reset=1 and br__taken=0

In this state, the address scope 1s shifted 1n accordance
with the 1ssued instruction count. That 1s; a following
relationship 1s established:

scope__next=scope_ L+issued__inst__count
e 4 2 2

wherein “+” 1s module addition of the module 12.
Therefore:

if, scope>11==1,

then, scope_ next=scope_ next_ 12

Logic achieved by the scope next logic 31 1s shown as a
list 1n FIG. 14.

In FIG. 14, flags scope>11 and queue_ top>11 represent
that the addresses scope and queue_ top have made one
circulation 1n the queue 9.

Referring to FIG. 15, a logic for achieving the 1nstruction
fetch logic 32 will be described below.

(1) A case that the instruction fetch request is generated in

an unreset state or 1n a state that the instruction memory can
accept the instruction fetch request. That 1s:

if, reset!=1 and IC__busy!=1,

then, IC_ fetch=1
wherein “!” 1

1s a sign indicating negation.

(2) A case that the instruction fetch request is not issued
in the reset state or 1n a state that the instruction memory
does not accept the instruction fetch request, as described
above. Therefore, in all states except for the above state (1),
a following relationship 1s established:

IC__fetch=0

Then, a logic achieved by the instruction miss logic 33
will be described with reference to FIG. 16.

The signal IC__miss 1s a flag indicating a state for waiting,
arrival of an mstruction from the instruction memory. This
instruction miss logic 33 determines following states of the
flag IC__miss of the cycle.

(1) Reset state: reset=1

In this state, any instruction 1s not yet generated, and thus
it 1s not necessary to wait an instruction, so that the flag
IC__miss 1s O.

(2) A case that a branch instruction is generated during the
operation: br__taken=1

In this state, a branch target instruction 1s fetched in the
next cycle, so that the instruction waiting state i1s not
established, and the flag IC__miss becomes 0.
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(3) A case that the instruction memory does not supply an
instruction 1n spite of the 1ssue of the instruction fetch
request:

IC_fetch_ I.=1 and IC-ready=0

In this state, the next cycle will be the instruction supply
waiting state, and 1t will be necessary to write an 1nstruction
if supplied 1n the next cycle. The flag IC__miss becomes 1.

(4) A case that the instruction memory supplies the
Instruction:

IC_ready=1

This state represents that the instruction memory supplies
the 1nstruction, and thus the next cycle 1s not required to be
in the mstruction waiting state, so that the flag IC__miss
becomes 0.

(5) A state that, in the operating condition, neither the
branch 1nstruction nor the instruction fetch request 1s
generated, and further the instruction memory does not
supply the instruction supply indication:

br_taken=0, IC_fetch I.=0 and IC_ ready=0

In this state, execution 1s interrupted due to, for example,
an interrupting processing, and the tlag IC__miss 1s required
to hold a value at the last cycle.

Therefore, a following relationship 1s established.

IC__miss=IC__miss_ L

Then, referring to FIGS. 17A and 17B, a logic operation
achieved by the queue avail logic 34 will be described. In
this operation, the signal queue_ avail 1s applied as a write

enable signal wen to the queue 9.
(1) A reset state:

reset=1

In this state, since the queue 9 stores no instruction, four
instructions can be write 1n four address regions continuing
from the address queue_ top 1n the queue 9. Therefore, a
following relationship 1s established.

queue__avail=1

(2) A case of generation of the branch instruction:

br_ taken=1

In this state, as shown 1n FIG. 11, since it 1s necessary to
write branch target instructions in the addresses starting,
from queue_ top, empty regions equivalently exist.
Therefore, a following relationship i1s established:

queue__avail=1

If a queue full logic (will be described later) has indicated
that empty regions (for four entries) exist in the queue 9 in
a state 1n which the branch 1s not generated, a following
relationship 1s established:

queue__avail=1

If the queue full logic has indicated that the queue 9 1s not

in the empty state (i.e., has no empty region for entries for
writing four instructions), a following relationship is estab-

lished:

queue__avail=0

That 1s: a following relationship 1s established in this
state:

queue__avail=!queue_ full

Then, the queue full logic will be described. This queue
full logic 1s 1included 1n the queue avail logic 34 in FIG. 8.
L logic achieved by the queue full logic will be described
with reference to FIG. 17B.

(1) This queue full logic determines whether the queue 9
has an empty region 1n accordance with the address scope
from the scope next logic 31 and the address queue_ top_ in
from the queue top logic 30. The address scope supplied
form the scope next logic 31 indicates the read top address
in the next cycle, and thus 1s deemed as scope__next in the
following description.
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(1) A case that the read top address scope next in the next
cycle 1s smaller than the write top address queue_ top_ in
the next cycle:

As shown 1n FIG. 17C, the instructions are written 1n the
addresses starting from queue_ top_ 1n. Theretore, 1f there 1s
a difference (B) of 4 or more between on one hand a sum of
the whole entry number (12) of the queue 9 and the address
scope__next and on the other hand the address queue__top__
in, the 1struction can be written 1n the next cycle. Therefore,

if, scope_next+12 queue top  1n=4,

then, queue_ full=FALSE (0: an empty region exists)

otherwise, queue_ full=TRUE (1: no empty region)

(2) scope__next>queue_ top_in:

This state 1s shown 1n FIG. 17D. If there 1s a difference of
4 or more between scope_next and queue_ top_ in, the
instruction can be written 1n the queue 9. Therefore,

if, scope_ next__queue_ top_ 1n=4,
then, queue_ full=FALSE
If, scope_next queue top_ in<4,

then, queue_ full=TRUE

(3) scope__next=queue_ top_ in

This state 1s a state 1n which the read top address and the
write top address 1n the next cycle are equal to each other.
In this case, existence of the empty region in the queue 9 1s
determined in accordance with the queue state (queue

state) described below. That is;
if, queue_state=NORMAL,
then, queue_ full=FALSE
If, queue state!=NORMAL

then, queue_ full=TRUE

The signal queue__state for determining the existence of
the empty region 1n the queue 9 will be described below.
Here, the empty regions (S) represents regions, in which all
the 1nstructions fetched from the instruction memory can be
written at the same time, and represents regions of four
entries 1n this embodiment. The queue 9 may take the first
state as well as the second and third states. The second state

(NORMAL state) will be described with reference to FIGS.
18A and 18B.

FIGS. 18A and 18B show a position relationship of the
addresses queue__top and scope of the queue 9 which 1s 1n
the second state (NORMAL state). In FIG. 18A, the address

queue__top represents the address 6 of the queue 9 and the
address scope represents the address 2 of the queue 9. This
state can be expressed as follows:

scope<Y__top

FIG. 18B shows a state in which an imstruction 1s not
supplied in the state 1n FIG. 18A and only an instruction 1s
issued. In this case, the addresses scope next and queue
top__1in will be equal to each other 1n the next cycle. This
state 1s formed in the second state (NORMAL state) and is
also called as the second state. This state can be expressed
as follows:

scope__next=queue_ top__in

Therefore, conditions required for setting the queue 9 1n
the second state (NORMAL state) can be expressed as
follows:

scope =queue_top

Then, referring to FIGS. 19A and 19B, the third state
(REVERSE state) of the queue 9 will be described.

FIGS. 19A and 19B show a position relationship of the
addresses scope and queue__top 1n the third state
(REVERSE state) of the queue 9. In FIG. 19A, the address

scope represents the address 6 of the queue 9, and the
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address queue__top represent the address 2 of the queue 9.
This state can be expressed as follows:

scope>queue_ top

It 1s assumed that an 1instruction 1s not issued but an
instruction 1s supplied in this state. In other words, 1t 1s
assumed that an mstruction 1s supplied from the address 2 of

the queue 9 1n FIG. 19A. In this case, as shown 1n FIG. 19B,
the addresses 1n the next cycle has a following relationship:

scope__next=queue_ top_ 1n

In this state, the queue 9 1s filled only with unissued
instructions. In this state, 1t 1s necessary to 1nhibit writing of
instructions in the next cycle. The third state (REVERSE
state) also includes this state. Therefore, conditions for the
third state (REVERSE state) can be expressed as follows:

scope>queue_top

By monitoring the state of the queue 9 through the signal
queuc__state, existence of an empty region in the queue 9
can be determined through the logic operation of the logic
queue__full described before.

The logic operation achieved by this queue state logic 50
1s shown 1n a list 1n FIG. 20. An operation of the queue state
logic 50 will be described.

(1) In an initial state after resetting, the addresses queue
top and scope are set at the address O of the queue 9.
Although this state 1s the first state of the queue 9, the signal
queue state 1s set at the second state because the instruction
can be written 1n the queue 9. That 1s:

if, reset=1

then, queue_ state=NORMAL

(2) A case after one circulation of the address queue  top
in the address regions 1n the queue 9 and before one
circulation of the address scope in the address regions 1n the
queue 9:

In this state, as indicated at (2) in FIG. 20, the queue 9 is
in the third state (REVERSE state). Therefore,

if, queue__top>11==1 and scope>11==

then, queue_ state=REVERSE

(3) A case that the address scope has made one circulation
in the address regions 1n the queue 9:

In this state, since the address scope__next never exceeds

the address queue__top__1in, the queue 9 1s 1n the second state
(NORMAL state). Therefore,

if, scope>11==

then, queue__ state=NORMAL

(4) A case of generation of a branch:

In this state, address regions 1n the queue 9 starting from
the branch 1nstruction are required to accommodate the next
branch target instruction. Therefore, in this state, the
addresses scope__next and queue__top__in become equal to
cach other, but the state of the queue 9 1s set at the second

state (NORMAL state) for enabling the writing of the
mstruction. Therefore,

if, br taken=1

then, queue__state=normal
Then, logic achieved by the instruction avail logic 35 which
determines a flag written 1n an “availability flag” portion in
the queue 9 will be described with reference to FIG. 21.

FIG. 21 1s a list showing logic achieved by the 1nstruction
avail logic 35.

(1) Initial state: reset=1

In this state, any available instruction 1s not yet stored in
the queue 9, and thus the availability flag is OFF (0).
Therefore,

if, reset=1
then, inst _avail 1n=0
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(2) A case of generation of a branch:
In this state, it 1s necessary to 1nhibit issuing of instruc-
tions of four entries continuing from the address at which the

branch 1nstruction 1s stored. Therefore, the availability flag
is OFF (0) 1n this case. Therefore,

if, br_taken=1

then, st avail 1n=0

(3) A case that the instruction fetch request is issued:

In this state, availability and unavailability of instructions
starting from the queue__top depends on whether the mstruc-
tion memory supplies the instructions. Therefore,

if, IC_fetch 1.=0

then, nst__avail__in=IC_ ready

(4) A case of the instruction arrival waiting state:

This state 1s generated independently of existence of the
instruction fetch request 1n the current cycle. Also 1n this
case, the availability and unavailability of mstructions start-
ing from the queue_ top depends on whether the instruction
memory supplies the instructions. Therefore,

if, IC_miss [.=0

then, mnst__avail _1n=IC_ ready
(5) A case other than the above described four states:
In this state, instructions written 1n the entries starting

from the address queue_ top are not requested instructions,
so that the availability flag 1s OFF. Therefore,

else, inst__avail 1n=0

FIG. 22 shows a list of logic achieved by the queue
nitialization logic 36. A logic operation of the queue ini-
tialization logic 36 will be described hereinafter with refer-
ence to FIG. 22. Here, the initial state (first state) of the
queue represents any state among the reset state of the
queue, the state at which the branch instruction 1s generated
and the 1nstruction waiting state. That 1s; a state in which the
instruction required in the queue 9 1s not written 1s repre-
sented.

(1) A reset state:

In this state, any 1nstruction 1s not yet written 1n the queue
9. Therefore, the queue 9 1s 1n the 1nitial state. Accordingly,

if, reset=1

then, queue__1nit_ state=1

(2) A state at which the branch is generated:

It 1s necessary to store the branch target istruction in the
queue 9. However, this instruction 1s not written 1n the queue
9. Therefore, the queue 9 1s in the initial state (first state).
Therefore,

if, br taken=1

then, queue__init_ state=1

(3) A case that an instruction 1s not supplied from the
instruction memory 1n spite of the fact that the instruction
fetch request 1s already 1ssued:

Since the queue 9 1n the instruction waiting state, the
queue 9 is in the initial state (first state). Therefore,

if, IC__fetch_ =1 and IC_ ready=0

then, queue_ init_ state=1

(4) A case that an instruction fetch request is issued and
an 1nstruction 1s supplied from the instruction memory:

Since the instruction which 1s desired and required 1s

written 1n the queue 9, the queue 9 1s not 1n the 1nitial state
(first state). Therefore,

if, IC__fetch_ I.=1 and IC__ready=1

then, queue__1nit_ state=0

(5) A case that the queue 9 is in the instruction waiting
state and the instruction memory does not supply the mstruc-
tion:
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In this state, the queue 9 waits arrival of the fetch-
requested instruction. Thus, the queue 9 1s 1n the 1nitial state
(first state). Therefore,

if, IC_miss I.=1 and IC_ ready=0

then, queue__1nit_ state=1

(6) A case that the queue 9 is in the instruction waiting
state and the mstruction memory supplies the instruction:

In this state, the fetch-requested instruction is written in

the queue 9, so that the queue 9 1s no longer 1n the mitial
state (first state). Therefore,

if, IC_miss I.=1 and IC_ ready=1
then, queue__init__state=0
(7) A case other than the reset state, branch generating

state, state 1n which the instruction fetch request 1s per-
formed and 1nstruction waiting state:

In this state, without depending on whether an instruction
1s supplied or not from the 1nstruction memory to the queue,
the queue 9 1s required to maintain the current state in the
next cycle. That 1s; as shown i FIG. 13, the address
queue__top should continuous to indicate the same address.
Therefore,

if, reset=0 and br_ taken=0, and

IC_fetch_ I.=0 and IC__miss L=0

then, queue__init_ state=queue_ init_ state L

Although the logic achieved by the logics 30-36 and 50
has been described with reference to the list, specific con-
structions for achieving these logics may be facilely formed
by those skilled in the art, for example, using programmable
logic devices.

The mstruction decoder 26 decodes the address ID_ PC__
L, instruction ID_IR_I. and availability flag ID_ inst
avail__L supplied from the L-latch circuits 14—16 to detect
and transmit the instructions allowing parallel processing to
the corresponding function units, and also generates the
signal br_taken, data issued_init_ count and address
branch__init__entry. The instruction decoder may have any
specific construction if it can achieve these functions.

A circuit construction shown in FIG. 8 executes all the
desired operations 1n one cycle. When the branch 1s gener-
ated and the branch instruction 1s applied to the instruction
decoder 26 together with other instructions, instructions
which 1s included 1n the above other instructions and applied
after the branch instruction may be processed so that they are
decoded but not 1ssued to the function units, and also may
be processed so that they are applied to the function units,
but the operation of the function units 1n the same cycle 1s
inhibited. Now, operations of the respective logics 30-36
and 50 will be described with reference to Figures.

FIG. 23 1s a signal wavelorm diagram showing the
operation of each logic corresponding to the fundamental
movement of the queue, queue_ top and scope shown in
FIG. 10. FIG. 23 also shows correlation between the respec-
tive cycles and the respective steps shown 1n FIG. 10. Start
of each cycle 1s determined by the clock signal T. In this
signal waveform diagram, outputs of the logics at a middle
of the cycle change 1n response to the clock signals L.

(1) Cycles 0 and 1:

In these cycles, the reset signal reset 1s “17, and the queue
9 1s 1n the 1nitial state. Therefore, the signal queue_ 1nit__
state is ON (1), the addresses queue_ top and scope are 0 and
the availability flag inst_avail 1n 1s O.

In the reset state, the fetch request for the instruction
memory 15 not performed, so that the instruction fetch
request flag IC__fetch is OFF (0). Since there are sufficient
empty regions 1n the queue 9 in the reset state, the signal
queue__avail 1s “1”, which indicates existence of the empty
regions.
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(2) A cycle 2:

In this cycle 2, the reset signal reset 1s “0” and the reset
1s released. The release of the reset 1s performed at a middle
of the cycle, and the output states of the respective logics are
identical to those 1n the cycle 1.

(3) A cycle 3:

In this cycle, the mstruction fetch request IC_fetch from
the mstruction fetch logic 32 1s set at the ON state. Thereby,
the instruction fetch request 1s 1ssued to the instruction
memory. The mstruction memory supplies the instruction for
the 1nstruction fetch request thus issued. The signal
IC__ready indicating the supply of the instruction from the
instruction memory 1s set at the ON state. In response to the
signal IC_ready at the ON state, the availability flag inst
avail__in supplied from the instruction avail logic 35 1s set
at the ON state. At this time, the queue 1mitial state flag
queue__1nit__ state 1s 1n the ON state, which indicates that the
queue 9 1s 1n the iitial state.

(4) A cycle 4:

Owing to the ON state of the signals IC-fetch and
IC-ready, the initial state of the queue 9 1s released, the
signal queue init_ state is set at OFF (0) and writing of the
instructions or others 1 the queue 9 1s executed. That 1s; the
instruction IC-data for four instructions simultaneously sup-
plied from the instruction memory, the logic address
IF__PC__L of the respective instructions transmitted from
the 1nstruction fetching stage and the availability flag portion
inst__avail__1n from the instruction avail logic 35 are written
in the regions of four address regions from the address O
indicated by the address queue_ top.

Also 1n this time, the instruction written in the addresses
0 starting from the address scope as well as the address and
the availability flag are read and applied to the latch circuits
14-16, respectively. The data applied to the latch circuit
14-16 are applied to the instruction decoder 26 in response
to the clock signal L and 1s decoded thereby. As a result, in
the cycle 4, two 1nstructions are 1ssued to the corresponding
function blocks as the instructions allowing parallel pro-
cessing.

Thereby, the instruction decoder 26 issues the signal
1ssued__1nit__count, indicating the fact that the issued
instruction count 1s 2, which 1s applied to the scope next
logic 31. The scope__next becomes 2. Further, 4 1s added to
the address queue_ top, and 1t becomes 4.

(5) A cycle 5:

In this cycle, the address queue_ top indicates the address
4, and the address scope indicates the address 2. Similarly to
the cycle 4, the instruction memory supplies the mstructions
which are written in the addresses 4—7. Simultaneously, the
instructions are read from the address 2 in the queue 9 and
are supplied to the instruction decoder 26 through the latch
circuits 14—16. One instruction is 1ssued from the instruction
decoder 26 to the function unit. Therefore, the address scope
supplied from the scope next logic 31 becomes 3. The
address queue__top__1n supplied from the queue top logic 30
becomes 8.

(6) A cycle 6:

Also 1n this cycle 6, the instruction memory supplies the
instructions similarly to the cycle 4. Thereby, the instruc-
tions are written 1n the addresses 8—11 of the queue 9.

Meanwhile, since there 1s no instruction which i1s 1ssued
from the instruction decoder 26 to the function unit, the
signal 1ssued_ inst_count, which indicates that the issued
instruction count 1s 0, 1s generated and applied to the scope
next logic 31.

The address queue_ top_ in for the next cycle from the
queue top logic 30 indicates the address 0. The address
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scope__next supplied from the scope next logic 31 1s 3. In
this time, an unissued 1nstruction remains at the address 3 1n
the queue 9. Therefore, the queue avail logic 34 sets the
signal queue_avail at OFF (0) in order to indicate that there
1s no empty region 1n the queue 9 by the function of the
queue full logic contained therein. Thereby, writing of the
instruction 1n the queue 9 1s inhibited 1n the next cycle. The
signal queue__avail 1s applied as a write enable signal wen
for the queue 9.

(7) A cycle 7:

In this cycle, the 1nstruction 1s read from the address 3 of
the queue 9 and three instructions are 1ssued from the
instruction decoder 26. Thereby, the address scope_ next
supplied from the scope next logic 31 becomes 6. The
address queue__top__1n remains to be 0 because the signal
queuc__avail 1s currently in the OFF state. In this time, the
address scope__next 1s 6, and on the other hand, the address
queue__top_1in 1s 0, and an empty region 1s formed 1n the
queue 9, so that the output signal queue_ avail from the
queue avail logic 34 becomes ON and the writing of the
instruction 1n the queue 9 1s allowed 1n the next cycle.

(8) A cycle 8:

Although the address queue_ top 1s 0 similarly to the
cycle 7, the istruction can be written 1n the queue 9
(queue__avail or wen is in the ON state), so that the
Instructions are written in the regions of the addresses 0-3
in the queue 9. In this time, the address scope 1s 6, the queue
9 indicates the address 6, and the instruction from the
address 6 of the queue 9 1s applied to the 1nstruction decoder
26.

Since the 1nstruction fetch requests IC__fetch are continu-
ously 1ssued, contents of the instructions applied from the
instruction memory 1n the cycles 7 and 8 may be different
from each other. However, the same 1nstruction may be
applied from the 1nstruction memory by such a construction
that the signal queue__avail from the queue avail logic 34 1s
applied to the instruction fetching stage, and the count
operation of a program counter (IF__PC) included in the
instruction fetching stage i1s inhibited if the signal queue
avail 1s OFFE, so that the same contents of the instruction
memory are applied in the cycle 7 and the cycle 8.

It should be noted that the respective logics 30—-36 and 50
perform only logical processing of the applied signals and
do not perform synchronous operations with the clock
signals T or L.

FIG. 24 1s a signal waveform diagram showing operations
of the respective logics when the branch shown 1n FIG. 11
1s generated. In FIG. 24, the steps 1n FIG. 11 are shown in
connection with the respective cycles. Movement of the
queue, queue__top and scope at the time of generation of the
branch will be described below with reference to FIG. 24.

(1) A cycle 0: The address top is 10 and the address
scope 15 2. Therefore, from the queue 9, the instructions 8,
9, 10 and 11 are written 1n the addresses 10, 11, 0 and 1. On
the other hand, the instructions 0-3 1n the addresses 2-5 of
the queue 9 are read. In this cycle 0, 1t 1s assumed that the
branch 1s generated owing to the branch instruction stored in
the address 4 of the queue 9.

In this case, the signal br__taken becomes ON (1). By this
branch, the availability flag inst__avail _1n from the instruc-
tion avail logic 35 becomes OFF (0).

Owing to the generation of the branch, the address
queue_ top_ 1n supplied from the queue top logic 30
becomes 4 1n accordance with the address branch_ inst__
entry at which the branch instruction 2 was stored. Similarly,
the address scope__next supplied from the scope next logic
31 becomes 4.
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The output queue_ 1mit_ state of the queue 1nitialization
logic 36 1s changed to 1 by the generation of the branch so
as to indicate the initial state (first state). To the queue avail
logic 34, a signal indicating the NORMAL state 1s applied
from the queue state logic 50 by the generation of the
branch.

(2) A cycle 1:

In this cycle, both the addresses queue__top and scope are
set at 4, and “0” 1s written 1n the availability flags of the
addresses 4—7 of the queue 9. Upon generation of the branch,
the address of the branch target instruction i1s applied from
the 1nstruction fetching stage to the instruction memory in
this cycle, and the branch target instruction 1s supplied from
the mstruction memory 1n the next cycle. Therefore, the
branch target 1nstruction 1s not written in the queue 9 1n this
cycle.

In this cycle 1, although the mstructions starting from the
addresses 4 are applied to the instruction decoder 26, the
instruction contents should not be 1ssued to and executed by
the 1nstruction units. Therefore, the instruction decoder 26
does not 1ssue the same because the related availability flags
inst avail are set in the OFF state.

Further, the output signal queue_ 1nit state from the
queue initialization logic 30 is OFF (10), so that 4 is held in
the addresses queue__top_ in and scope next supplied from
the queue top logic 30 and the scope next logic 31, respec-
tively. Since the branch 1s not generated 1n this cycle, the
signal br_taken from the instruction decoder 26 1s OFF.
Thereby, the availability flag inst__avail in from the
mnstruction avail logic 35 1s ON.

(3) A cycle 2:

In this cycle, the branch target mstructions are supplied
and stored 1n the queue 9, and related availability flags
mst__avail 1n are also set at ON. In this time, instructions
starting from the address 4, 1.e., the branch target instruc-
tions are applied to the mnstruction decoder 26 for decoding.
In this cycle, the signal queue__1mit__state 1s OFF, so that the
addresses queue__top and scope are respectively changed 1n
accordance with the processing contents (issued instruction
count). In the cycle 2, the signal IC_ ready is ON, which
indicates that the branch target instruction 1s supplied in the
cycle 2.

FIG. 25 1s a signal wavetform diagram showing operations
of respective logics 1n the operating condition shown 1n FIG.
12. Now, referring to FIG. 25, description will be made with
respect to an operation when the instruction memory does
not supply the instruction corresponding to the issued
mstruction fetch request. FIG. 25 also shows the steps
shown 1n FIG. 12 1n connection with the respective cycles.

(1) A cycle O:

In this cycle, the address queue_ top 1s O and the address
scope 15 6. It 1s assumed that the instruction memory does
not supply the instruction with respect to the instruction
fetch request 1ssued in this cycle 0 (IC__fetch is ON). In this
time, the signal IC_ ready from the instruction memory 1s
OFF, and the signal IC__busy 1s set at ON 1n order to inhibait
access to the instruction memory. In response to the OFF
state of the signal IC_ ready, the availability flag inst__
avail__in changes from the OFF state to the ON state.

(2) A cycle 1:

In this cycle, owing to the fact that, in the cycle 0, the
signal IC-fetch was 1 and the signal IC__ready was O, the
signal IC__maiss 1s 1, indicating the instruction waiting state
of the queue 9. The output queue__1nit_ state from the queue
mnitialization logic 36 1s set at “1” 1n response to the fact that
the instruction 1s not issued in spite of the issue of the
instruction request 1n the cycle 0, and the queue 9 1s set at
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the initial state (first state, and also instruction waiting state),
so that change of the address queue__top 1s inhibited. In this
cycle, the availability flags inst _avail in of OFF (0) are
written 1n regions in the queue 9 starting from the address 4,
inhibiting issue and execution of the instructions stored in
these regions.

Meanwhile, the nstruction from the address of the queue
9 indicated by the address scope 1s applied to the 1nstruction
decoder 26. Thereby, two 1nstructions are 1ssued, and thus
the address scope next 1n the next cycle 1s changed to 11.

(3) A cycle 2:

This state also holds a waiting state, 1n which the signal
IC__fetch 1s OFF, the signal IC__miss 1s ON and the signal
queue__1nit_ state 1s ON. In this state, flags inst__avail 1in
indicating that instructions are unavailable are written 1n
four entry regions starting from the address 4.

Meanwhile, instructions starting from the address scope
are read and applied to the mnstruction decoder 26, whereby
two 1nstructions are 1ssued, and thus the write top address
scope_ next in the next cycle 1s changed to 1.

In this cycle 2, 1t 1s assumed that the mstruction memory
supplies an instruction. In this time, the signal IC_ ready
becomes ON and the signal IC-busy becomes OFF. In
response thereto, the availability flag inst__avail in changes
to the ON state, by which the queue 9 is released from the
Instruction waiting state.

(4) A cycle 3:

In this cycle, instructions supplied from the instruction
memory are registered 1n regions 1n the queue 9 starting
from the address 4 indicated by the address queue__top, and
the corresponding availability flags inst__avail 1in are set at
1. In this time, with respect to the instructions from the
address positions indicated by the address scope, 1ssue to the
function units 1s performed by the 1nstruction decoder 26. In
this cycle 3, since the queue 9 1s released from the instruc-
fion state, the mnitialized state signal queue_ 1nit_ state 1s set
at OFF, and change of the address queue__top restarts. The
signal IC__fetch 1s also set at ON, and the instruction fetch
request restarts.

As described above, there 1s provided the queue which
can perform the simultanecous writing and simultaneous
reading of a plurality of instructions together with their
addresses and availability flags, and control of the write/read
pointers of the queue and allowance of 1ssue of the instruc-
tions to the function units are determined by an actual state
among the branch generation, instruction supplying state
and first state of the reset state, and also 1n accordance with
the fact whether there 1s an empty region in the queue 9.
Therefore, instructions can be efficiently supplied to the
instruction decoder, and 1t 1s possible to provide a supersca-
lar capable of executing the instructions at a high-speed.
Then, description will be made with respect to a construction
and operation of the queue 9 capable of simultaneously
writing and reading the instructions.

FIG. 26 schematically shows a correlation between
instructions fetched from the instruction memory 1 and
instructions written 1n the queue 9. First, referring to FIG.
26, description will be made with respect to a writing
operation 1n the queue 9 of the address IF__PC__L, mstruc-
fion IC__data and availability flag mnst__avail_ in.

In response to the instruction fetch request IC__fetch, the
instruction fetching stage 2 1ssues the address IF__PC of the
instruction memory 1, which 1s applied to the instruction
memory 1. In accordance with the address IF_PC, four
mstructions IC 1, IC 2, IC 3 and IC 4 are simulta-
neously read from the instruction memory 1. These four
mnstructions IC__1-IC_4 are supplied in parallel as an
instruction IC__data to an instruction region in the queue 9.
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From the instruction fetching stage 2, this address
IF__PC_ L (address IF__PC issued in accordance with the

clock L) 1s supplied to the queue 9. This address IF__ PC__ L
indicates respective addresses of the four instructions
IC__1-IC__4, and these address are applied 1n parallel to the
address region of the queue 9. These mstruction may have
arbitrary lengths. However, for efficiently utilizing the
entries of the queue 9, all the mstructions from the instruc-
tion memory 1 are set to have the same length. A superscalar
generally comprises a fixed instruction length format.

The signal IC__busy 1ssued from the mstruction memory
1 1s applied to the instruction fetch logic 32 shown 1n FIG.
8. The signal IC__ready issued from the instruction memory
1 1s applied to the mstruction avail logic 35. Signals applied
from another logics to this mstruction avail logic 35 are not
shown 1n the Figure.

The queue 9 receives the address IF__PC__L, instruction
IC__data and availability flag inst_ avail_in, and writes
them simultaneously 1n four entry regions starting from the
address indicated by the address queue_ top in response to
the write enable signal wen, which corresponds to the signal
queue__avail 1ssued from the queue avail logic 1n FIG. 8.

Further, 1n this time, contents 1n four entries starting from
the address scope are read. The address IF__PC__L1s defined
in response to the clock signal L. However, 1t may be 1ssued
and defined 1n response to the clock signal T.

The 1nstruction and address written 1n the queue 9 may be
simultaneously read. The mstruction and address read from
the queue 9 are held 1n the latch circuits 14 and 15 which
perform hold operation 1n response to the clock signal L, so
that the write data of the queue 9 1s required to be defined
only before the hold operation of the latch circuits 14 and 135.
Therefore, when the address IF__PC__ L 1s simultaneously
read again, the latch timings of the latch circuits may be
delayed slightly, which prevents any malfunction even if the
address IF__PC_L are defined in response to the clock
signal L.

FIG. 27 shows a layout of the instruction IC__data sup-
plied to the instruction region in the queue 9. Referring to
FIG. 27, the four instructions to be simultaneously read are
cgathered 1n accordance with respective bits. That 1s; Oth bat
regions of the instruction IC_data have stored Oth bits
IC_10-1C_40 of the four instructions IC__1-I1C_4 1n
sequence, and the others are also disposed 1n the subsequent
regions up to 32nd regions in the similar manner. There 1s
shown an example 1n which the mstructions IC-1-1C-4 each
have the 32 bit structure.

FIG. 28 shows a layout of the instruction address
IF__PC_ L transmitted to the address region in the queue 9,
and specifically shows a layout 1in which the regions for the
respective instructions are arranged 1n accordance with the
order of bits similarly to the instruction IC-data.

FIG. 29 shows a layout of the availability flag. This
availability flag has a four bit construction corresponding to
the 4 entries and also has the equal value.

FIG. 30 schematically shows a whole construction of the
queue. In FIG. 30, the queue 9 mcludes a write decoder
WRD which decodes the address queue__top and generate a
signal for selecting four entries, a read decoder RDD which
decodes the address scope and generates a signal for select-
ing four entries from which instructions are to be read, and
entry memory devices 92-0, 92-1, . . . 92-11 which each form
one entry region and are arranged 1n parallel for storing the
addresses, 1nstructions and availability flags.

The write decoder WRD and read decoder RDD are
responsive to the applied addresses queue__top and scope to
perform decoding operations 1n accordance with change
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thereol, respectively. Thus, these write and read decoders
WRD and RDD statically perform asynchronous decoding
operations and particularly do not use control signals which
define operation timings of these write and read decoders
WRD and RDD.

To the write decoder WRD are coupled twelve write word
lines WDO0-WD11, one of which 1s selected in accordance
with the address queue_ top. Similarly, the read decoder
RDD has twelve read word lines RDO-RD11, one of which
1s selected 1n response to the address scope. As will be
described 1n greater detail later, one write word line WD1
(1=0, 1, . . . 11) and one read word line RD1 are coupled to
continuously adjacent four memory devices. Therefore,
when one write word line or one read word line 1s selected,
four entry memory devices are simultaneously selected.

The entry memory devices 92-0, 92-1, . . . 92-11 each
include write access gates wl), wl and w3, and read access
cgate r0), rl, r2 and r4 for selecting a data read path. By
selecting one of these write access gates wj (j=0—3) and read
access gates r0-r3, the wrte/read port for the data 1s
selected. Four adjacent entry memory devices are coupled at
respectively different write address gates to a common write
word line WDi1. Similarly, four adjacent entry memory
devices are coupled at respectively different read access
gates to one common read word line RDa.

For example, to the word line WDJO, there are coupled a
write access gate wl of the memory device 92-0, write
access gate wl of the memory device 92-1, write access gate
w2 of the memory device 92-2, and write access gate w3 of
the memory device 92-3. Similarly, to the read word line
RDJ, there are coupled a read access gate r) of the memory
device 92-0, read access gate rl of the memory device 92-1,
read access gate r2 of the memory device 92-2 and read
access gate r3 of the memory device 92-3.

The entry memory devices 92-0-92-11 each include a
write data input port 1wi, write data output port 1iwo, read
data mput port ir1, read data output port iro, write address
input port pwi, write address output port pwo, read address
output port pro, read address input pri, write availability flag
input port awi, write availability flag output port awo, read
availability flag output port aro and read availability flag
input port ari.

All the write instruction IO (input/output) ports iwi and
iwo of the memory devices 92-0-92-11 are coupled to a
common 1nstruction write bit line IWB, and the read instruc-
fion IO ports 1ro and ir1 are commonly coupled to an
instruction read bit line IRB.

The write address 10 ports pwi and pwo of the memory
devices 92-0-92-11 are coupled to a common address write
bit line PWB, and the read address 10 ports pro and pr1 are
commonly coupled to an address read bit line PRB.

The write availability flag 10 ports aw1 and awo of the
memory devices 92-0-92-11 are coupled to a common
availability flag write bit line AWB, and the read availability
flag IO ports ar1 and aro are commonly coupled to an
availability flag read bit line ARB.

The 1nstruction write bit line IW B, 1nstruction read bit line
IRB, address write bit line PWB and address read bit line
PRB have bit widths enough to transmit data for four
mstructions, and 1n this embodiment, the bit widths of
4*32=128. The availability flag write bit line AWB and
availability flag read bit line ARB have widths of 4 bats.
These read bit line and write bit line stmultaneously transmit
contents for four instructions.

Each of input and output ports of the memory devices
92-0-92-11 has four ports, one of which 1s selected by the
write access gate wl-w3 and read access gate r(-r3.
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Theretore, respectively different mput ports and output ports
are selected 1n four entry memory devices which are simul-
taneously selected.

In order to perform 1nput and output of information, there
are provided a write pulse generator WPG which 1s respon-
sive to the write enable signal wen generated from the queue
avail logic 34 i FIG. 8 to generate a write pulse WP, and
tri-state buffers BF1, BF2 and BF3 which are turned on in
response to a write pulse WB from the write pulse generator
WPG. The tri-state buffers BF1-BF3 set their output state at
high-impedance states when the write pulse WP 1s not
generated.

The tri-state buffer BF1 receives the instruction IC-data
from the 1nstruction memory and transmits the same to the
instruction write bit line IWB. The tri-state buffer BF2
transmits the address IF_ PC__ L to the address write bit line
PWB. That tri-state butfer BF3 transmits the availability flag
inst__avail__in to the availability flag write bit line AWB.
The instruction read bit line IRB supplies the mstruction 1nst
which 1s transmitted to the latch circuit 14. The address PC
1s read from the read bit line PRB and is transmitted to the
[-latch circuit 15. The availability flag inst__avail at the read
bit line ARB 1s supplied to the L-latch circuit 16.

An operation of the queue shown 1n FIG. 30 will be brietly
described.

First, a data writing operation will be described. In
accordance with the address queue__top, the write decoder
WRD selects one write word line WD1. Thereby, continu-
ously adjacent four entry memory devices are selected, and
respectively different input ports thereof are selected. This
enables simultanecous writing 1n the four entry memory
devices. Then, if there 1s an empty region 1n the queue 9, the
write enable signal wen from the queue avail logic 34 1s set
at ON. In response to this, the write pulse generator WPG
generates the write pulses WP at predetermined timings.
These write pulses WP render the tri-state buffers BEF1-BF3
conductive, so that the write data 1s transmitted to the
corresponding ports of the selected entry memory devices,
and thus the 1nstructions, addresses and availability flags are
simultaneously written 1n the four entries.

A reading operation 1s performed 1n a similar manner.
Upon application of the address scope, the read decoder
RDD selects one read word line RDi1, and respectively
different read access gates are selected from the four entry
memory devices. Thereby, contents of the four entries can be
simultaneously read from the four entry memory devices.
The data thus read are transmitted through the read bit lines

IRB, PRB and ARB to the corresponding latch circuits 14,
15 and 16.

FIG. 31 shows a construction of one entry memory
device. In FIG. 31, at a reference number “92” 1s generally
indicated one entry memory device, which includes an
instruction memory device 93-1, address memory device
93-2 and availability flag memory device 94. The mstruction
memory device 93-1 and the address memory device 93-2
have similar constructions, and each include a write port
selecting gate wb, read port selecting gate rb, write access
cgates wl—w3 and read access gates r0—r3. A term <3:0>o0f
the gates wb and rb indicates a fact that both the mput and
output ports are 4 (from 0 to 3) in number, and <31:0>1indi-
cates a fact that data of 32 bits 1s sent from one selected port.

Therefore, among the signal lines of 128 bits including the
instruction write and read bit lines IWB and IRB and the

address write and read bit lines PWB and PRB, the signal
lines of 32 bits are used by one memory device. Signal lines
of 32 bits which are actually used are determined by the
selection of the access gates wb—wb3 and r(—r3.
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The availability flag memory device 94 mcludes a write
port selecting gate wb and a read port selecting gate rb as
well as write access gates wl-w3 and read access gates
r0—r3. This write port selecting gate wb has four ports from
0 to 3, one of which 1s selected for mputting and outputting
the availability flag of one bit therethrough. Thus, by select-
ing the access gates wl—w3 and r—r3, one bit among 4 bits
of the flag write and read bit line AWB and ARB 1s used by
one availability flag memory device 94.

FIG. 32 specifically shows a construction of the instruc-
fion memory device 93-1 and the address memory device
93-2. The memory devices 93-1 and 93-2 have the similar
construction, and thus are generally represented as a
memory device 93. Referring to FIG. 32, both the 1nstruction
memory device 93-1 and the address memory device 93-2
include bit memory devices 95-0-95-31 of 2 bits. The bt
memory devices 95-0-95-31 store Oth—31st bits of the
address or mstruction, respectively. Each of the bit memory
devices 95-0-95-31 includes write port selecting gates wbl),
wbl, wb2 and wb3, read port selecting gates rbl, rbl, rb2
and rb3, write access gates wl—w3 and read access gates
r0-r3. The selection of the gates wb—wb3 and rb0—rb3 are
performed by the selection of the access gates wl—w3 and
r0—r3. To the write access agates wl—w3 of the bit memory
devices 95-0-95-31 arc transmitted the same access gate
selecting signals w—w3 (signal lines and signals transmitted
thereto are indicated by the same reference characters),
respectively. Also, the same read gate selecting signals rO-r3
are transmitted to the read access gates r—r3, thereby 32 bits
of the address or instruction are simultaneously selected.

The availability flag memory device 94 has a construction
similar to those of these bit memory devices 95-0-95-31.

FIG. 33 shows an example of a specific construction of
the bit memory device and availability flag memory device.
In FIG. 33, the bit memory device (and the availability flag
memory device) has write port selecting transistors
GT1-GT4, read port selecting transistors RI'1-RT4 and a
memory clement ME for storing data of one bit. The
memory element ME includes two inverters IV1 and 1V2
which are 1n anti-parallel coupling or cross coupling. Thus,
the memory element ME 1s formed of an inverter latch.

The gate transistor GT1 receives at i1ts gate the port
selecting signal wl to couple the memory element ME to the
port wb. The gate transistor GT2 responds to the port
selecting signal wl by coupling the memory element ME to
the port wbl. The gate transistor GT3 responds to the port
selecting signal w2 by coupling the memory element ME to
the port wb2. The gate transistor G14 responds to the port
selecting signal w3 by coupling the memory element ME to
the port wb3.

A reading path 1s similar to the above. Specifically, the
transistors R1-1-RT-4 respond to the read port selecting
signals r0—r3 by coupling the memory element ME to the
ports rb0-rb3, respectively.

FIG. 34 shows a coupling configuration between different
entries of the bit memory devices and availability flag
memory devices. As shown 1n FIG. 34, the port wb0—wb3
and rb0-rb3 are common to the memory devices of the same
bits, respectively, and the availability flag memory devices
arc common to all the memory devices.

An operation of the bit memory device (availability flag
memory device) will be described below. If one of the write
word lines 1s selected by the write word selecting signal
WRD, one gate transistor G11 1s turned on in the construc-
tion in FIG. 33, and the memory element ME 1s coupled to
one of the ports wb0—wb3. Thereby, data 1s written 1n the
memory device ME through the selected port. Data reading
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1s performed 1n a similar manner. That 1s; the read decoder
RDD selects one read word line, whereby one of the
transistors RT1-RT4 1s turned on, and thus the memory
clement ME 1s coupled to one of the ports rb0-rb3. In this
manner, the data 1s read.

As shown 1n FIG. 34, by setting one write word line WD1
at the selected state, different ports are selected in the
adjacent entry memory devices. For example, in FIG. 34, a
memory element MEI 1s coupled by the selecting signal WD1
to the port wbl, and a memory device ME2 1s coupled to the
port wbl. Thereby, respective bits of four different instruc-
tions can be simultancously written 1n four different memory
clements. Data reading 1s performed 1n a similar manner. By
setting one read line RD1 at the selected state, the memory
clements ME1, ME2, . . . are coupled to different ports, and
contents of the four entries are stmultaneously transmitted to
respectively different ports, so that four instructions,
addresses and availability flags can be simultaneously read.

Then, an operation during the data reading of the queue 9
will be described with reference to FIG. 35.

In an operation waveform diagram shown 1n FIG. 3§, the
mstruction read bit line IRB, address read bit line PRB and
availability flag read bit line ARB are representatively
shown as the read bit lines RB. When the address scope 1s
applied, an output of the read decoder RDD changes 1n
accordance with the change of the address scope. The output
state 1s defined after a certain period of time, and one read
word line RD 1s set at the selected state. In the operation
waveform diagram shown 1n FIG. 35, there are shown signal
waveforms of all read word lines and states of all signals of
the selected and unselected read word lines. When a signal
potential of the selected word line (e.g., RD0) is defined, the
read access gate of the entry memory device 1s set at the
sclected state. In this case, access gates r0, rl, r2 and r3 of
the memory devices 92-0-92-3 are respectively selected,
and the respectively different data read ports are selected for
reading the data to the corresponding ports. Thereafter, the
transistors RT1-RT4 defines the signal states of the reading
bit lines RB. The signal potentials of the signal bit lines RB
are applied to the L-latch circuits 14-16.

FIG. 36 1s a signal waveform diagram for showing an
operation during the data writing. A data writing operation
will be described with reference to FIG. 36.

When the address queue__top 1s applied, the write decoder
WRD starts the decoding operation 1n accordance with the
address queue__top, and the signal potential of the write
word line 1s defined after a certain period of time. Thereby,
four entries for writing the data are selected, and also
respectively different ports of these four entry memory
devices are selected through the access gates wo—w3. After
the signal potential of this write word line WD 1s defined, the
write pulse generator WPG generates the write pulses WP at
the predetermined timings 1f the queue 9 has an empty
region, and the tri-state buffers BF1-BF3 become conduc-
tive to transmit the mnstruction IC__data, address IF__ PC_ L
and availability flag inst__avail_in to the write bit line WB.
The data on this write bit line are simultaneously written 1n
the respective (four) entries which are respectively selected.

For simultancously reading the written data, the write
pulse WP 1s generated, and the data will be read after the
data on the write bit line WB 1s defined. In this case, the data
written 1n the write bit line 1s transmitted to the L-latch
circuit 14-16 through this entry memory device before these
[-latch circuits perform the latch operation.

As described above, when the read queue address queue__
top selects one word line WD1, contents of four memory

devices 92-1, 92-1+1, 92-1+2 and 92-1+3 are read through the
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output ports rb0 <31:0>, rbl <31:0>, rb2 <31:0> and rb3
<31:0>. Theretfore, by applying the address queue_ top to
the 1nstruction decoder 26, the address of the branch instruc-
tion 1n the queue 9 can be facilely 1dentified from the output

port number and the queue address queue__top.
The memory element ME shown in FIGS. 33 and 34

employs the inverter latch, which may cause inversion of the
write data and read data. As a simple countermeasure, the
tri-state buifers BF1-BF3 may have inverter structures, and
such inverters may be disposed at arbitrary locations.
Owing to the construction described above, different
kinds of data (address, instruction and availability flag) can
be simultaneously written 1n the four address regions start-
ing from the address queue top, and the contents of the
entries which have been stored 1n the four address regions
starting from the address scope can be simultaneously read.
Although the memory elements of the memory devices
described above are formed of the memory elements of the

inverter latch structures, they may have any structure if it
can held the data.

The structures of the memory devices are not restricted to
those of the entry memory devices described above, and they
may have any structures 1f they are provided with four data
write ports and four data read ports and different write/read
ports of adjacent four entry memory devices can be selected.

Although the embodiments have been described with
respect to the construction in which both the instruction and
the address are 32 bits and four instructions are simulta-
neously read, the instruction lengths of the addresses and the
number of the 1nstructions which are stmultaneously written
and/or read 1n the queue may be arbitrary lengths and
numbers, respectively.

As described above, according to the invention, the
decoding stage 1s provided at a location upstream to the
instruction decoder with the queue which simultaneously
stores a plurality of 1nstructions by processing, as one entry,
the mstruction from the instruction memory, the flag indi-
cating the availability/unavailability of this instruction and
the address of the instruction. Further, there 1s provided a
construction 1n which a plurality of instructions simulta-
neously read from the instruction memory, addresses and
flags indicating the availability/unavailability of the mnstruc-
fions are simultaneously stored 1n the queue, and the write/
read 1n the queue are controlled in accordance with the
execution state of the instructions, fetch state and others.
Therefore, the instruction can be efficiently supplied to the
instruction decoder, and thus the parallel processing appa-
ratus having a high processing speed can be obtained.

Although the present invention has been described and
illustrated 1n detail, it 1s clearly understood that the same 1s
by way of 1llustration and example only and 1s not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What 1s claimed 1s:

1. An 1nstruction supply device for a parallel processing
apparatus wherein a predetermined number of instructions
are simultaneously fetched from an instruction memory for
processing by a plurality of functional units provided in
parallel, comprising:

storage means for storing a plurality of instructions

fetched from said instruction memory;

decoder means receiving a constant number of instruc-
tions from said storage means for decoding those
received 1nstructions, determining which instructions
are simultaneously executable and 1ssuing those simul-
tancously executable instructions to related functional
units, and
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addressing forming means for forming a read queue
address and a write queue address for reading and
writing thereat instructions from and to said storage
means according to the number of instructions 1ssued
from said decoder means to said related functional
units.

2. An mstruction supply device according to claim 1,
wherein said decoder means 1ncludes means for generating
information including information which indicates the num-
ber of instructions 1ssued to related function units, and
branch generation indicating imformation which indicates
that applied instructions contain a branch instruction and a
branch 1s generated by said branch instruction, and

wherein said instruction supply device further includes:
flag forming means for forming an availability flag
selectively indicating availability and unavailability
of the 1nstruction 1n response to said branch genera-
tion indicating information (br taken) and an instruc-
tion supply indicating signal (IC miss, IC ready and
IC fetch) indicating whether an instruction from said
instruction memory 1s set or not;
said address forming means for forming said write
queue address and said read queue address and
applies the same to said storage means based on said
1ssued 1nstruction number information, said branch
generation indicating mmformation and said instruc-
tion supply indicating signal.
3. An 1nstruction supply device according to claim 1,
wherein:

said storage means comprises a queue memory and said
address forming means includes means for modifying,
said write queue address by a predetermined number
and means for moditying said queue read address by
the number of 1ssued instructions from said decoder
means.

4. An mstruction supply device according to claim 2,
wherein said storage means includes means for storing
simultaneously said predetermined number of instructions
which are simultaneously fetched, means for storing
addresses 1n said instruction memory of said predetermined
number of instructions which are simultancously fetched
and means for storing said availability flags.

5. An struction supply device according to claim 2,
wherein said storage means comprises a plurality of entry
storing regions, each entry including one instruction, a
corresponding address and a corresponding availability flag,

sald memory means further including;:
main 1nput ports to which contents of a predetermined
number of write entries are simultaneously
transmitted,
main outputs to which contents of a predetermined
number ol read entries are simultaneously
transmitted,
write coupling means for coupling said predetermined
number of entry storing regions to said main 1nput
ports for storing said contents of said predetermined
number of write entries in response to a write queue
address, and
read coupling means for coupling said predetermined
number of entry storing regions to said main outputs
ports for reading said contents to a read queue
address.
6. An 1nstruction supplying device according to claim 1
further comprising:

queue full logic means responsive to said write queue
address and said read queue address to generate a
queue-full signal indicating whether said predeter-
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mined number of write entries can be written 1n said
storage means; and

queue-avail logic means responsive to said queue-full
signal and a branch generation indicating signal to
generate a queue-avail signal indicating inhibition of
writing of said entry in said memory means.
7. An 1nstruction supplying device according to claim 6,
wherein said address forming means comprises:

write queue address forming means for forming said write
queue address 1n response to said instruction supply
indicating signal, said branch generation indicating
signal and said queue-avail signal; and

read queue address forming means for forming said read
queue address 1n accordance with said branch genera-
tion 1ndicating signal, said issued instruction number
information and an address in said storage means
related to said branch instruction.

8. An 1nstruction supplying device according to claim 2
wherein said instruction supplying device further comprises
queue-state logic means for generating a queue-state signal
indicating that said storage means 1s an instruction arrival
waiting state, 1n response to said branch generation indicat-
ing signal, said 1nstruction supply indicating signal and said
instruction fetch request signal to said mstruction memory;
and

said write address forming means includes means for
rendering a write queue address maintained 1n response
to said queue-state signal.
9. An 1nstruction supplying device according to claim 1,
wherein:

sald decoder means further comprises means for gener-
ating an entry address which indicates a position in said
storage means of a branch instruction by which a
branch 1s generated; and

said address forming means mcludes means responsive to

a branch generation indicating information indicating

that received mstructions include a branch instruction

by which a branch 1s taken, to output the entry address

of said branch instruction as said write queue address.

10. An instruction supplying device according to claim 1,

wherein said decoder means further comprises means for

generating an entry address which indicates a position 1n

said storage means of a branch istruction by which a branch
1s generated; and

said address forming means mncludes means responsive to

a branch generation indicating information indicating

that received structions include a branch instruction

by which a branch 1s taken, to output the entry address

of said branch instruction as said read queue address.

11. An 1nstruction supplying device according to claim 6,
wherein:

said storage means comprises entry storing regions which
are n 1n number each corresponding to one nstruction;

said queue-full logic means comprises queue-state logic
means for determining, in accordance with a correla-
tion between values of said number n, said write queue
address and said read queue address, a state, in which
said storage means 1s currently set, among a first state
which 1s a branch generating or reset state a second
state 1n which said read queue address i1s larger than
said write queue address and a third state 1n which said
read queue address 1s smaller than said write queue
address; and

said queue-full logic means comprises means for deter-
mining whether writing of an mstruction 1n said storage
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means 15 allowed or not 1n accordance with determi-
nation by said queue state logic means when said read
queue address and write queue address are equal to
cach other.

12. An mstruction supplying device according to claim 3,

including;:

an 1struction supply indicating signal which includes a
first indicating signal (IC-read) indicating whether said
Instruction memory supplies an instruction, a second
indicating signal (IC-fetch) indicating whether an
Instruction request 1s generated to said instruction
memory and a third indicating signal (IC-miss) indi-
cating whether a current state of the storage means 1s a
state for waiting arrival of a requested 1nstruction from

said 1nstruction memory; and

a flag forming means which sets an availability flag in
accordance with indication of said first indicating si1g-
nal when said second indicating signal indicates the
instruction request or said third indicating signal 1ndi-
cates the instruction arrival waiting state, and further
sets said availability flag at an unavailability indicating
state 1n response to the indication of the branch gen-
eration by said branch generation indicating informa-
tion.

13. An mstruction supplying device according to claim 1,

wherein:

said storage means comprises a plurality of memory units
arranged 1n parallel and each providing an entry storing,
region corresponding to one instruction, each of said
memory units comprising the predetermined number of
write selecting gates which are set in a selected state by
respectively different write queue addresses, the pre-
determined number of read selecting gates which are
set 1n a selected state by respectively different read
queue addresses, mput ports coupled to main input
ports, output ports coupled to main output ports and a
storage element for storing data, said input ports com-
prising sub-input ports which are disposed correspond-
ingly to each of said write selecting gates, and are equal
in number to said predetermined number, and said
output ports further comprising sub-output ports which
are disposed correspondingly to each of said read
selecting gates, and are equal 1n number to said prede-
termined number; and

said write selecting gates and said read selecting gates
couple associated memory elements to corresponding
sub-input ports and corresponding sub-output ports
when set 1n the selected state, respectively.

14. An mstruction supplying device according to claim
13, wherein each said sub-input port has a first sub-input
port for transmitting data to a memory unit arranged at one
side thereto and a second sub-input port for receiving data
from a memory unmit arranged adjacent in the other side
thereto; and

said storage means comprising an input data bus which
extends through said first sub-input ports and said
second sub-1nput ports of said memory units for cou-
pling a sub-input port of a selected memory unit to the
main nput port.

15. An mstruction supplying device according to claim
13, wherein each of said sub-output ports has a first sub-
output port for receiving data from a memory unit arranged
adjacent at one side thereto, and a second sub-output port for
receiving data from a memory unit arranged adjacent the
other side; and

said storage means comprises an data output bus, which
extends through said first sub-output ports and said
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second sub-output ports of saild memory units for
transmitting output data of a selected memory unit to
said main output port.

16. An instruction supplying device according to claim
13, wherein said main memory unit comprises an instruction
storage device, said instruction and said address each com-
prising a plurality of bits;

saidd main input port and said main output port are

provided 1n each of said instruction storage device, said

address storage device and said flag storage device; and

said instruction and address are applied respectively to
said main 1nput ports of said instruction storage device
and said address storage device such that data bits of
the same digit position are successively adjacent to
cach other, and said 1nstruction and address are respec-
tively output from the main output ports of said instruc-
fion storage device and said address storage device
such that data bits of the same digit position are
successively adjacent to each other.

17. An instruction supplymng device according to claim
13, wherein said write coupling means i1ncludes a plurality
of write selecting lines each of which 1s coupled to write
selecting gates of a predetermined number of said memory
units arranged successively adjacent to each other among
said plurality of memory units, and each of said write
selecting lines 1s coupled to different selecting gates for
different sub-input ports 1n successively adjacent memory
units.

18. An instruction supplying device according to claim
13, wherein said read coupling means 1ncludes a plurality of
read selecting lines each of which 1s coupled to read select-
ing gates of a predetermined number of memory units
arranged successively adjacent to each other among said
plurality of memory units, and each of said read selecting
lines 1s coupled to different selecting gates for different
sub-output ports 1n successively adjacent memory units.

19. The device according to claim 1, wherein said con-
stant number 1s equal to said predetermined number.

20. The device according to claim 1, wherein said storage
means comprises a queue memory for queuing said plurality
of mstructions fetched from said instruction memory for
storage.

21. An 1instruction supplying method 1n a parallel pro-
cessing apparatus including a plurality of function units each
performing a predetermined function, an 1nstruction
memory device for storing instructions, an 1nstruction fetch-
ing device for fetching simultaneously a number of instruc-
tions from said 1nstruction memory device 1n response to an
instruction fetch indication, and an 1instruction decoding
device for finding a second number of consecutive mnstruc-
fions capable of being simultaneously processed from pre-
viously fetched instructions and 1ssuing said second number
of consecutive instructions to function units which perform
the type of predetermined function required by the
instruction, said method comprising;:

providing said imstruction decoding device with a prede-
termined number of instructions from a memory queu-
ing means having a plurality of entry regions, and
receiving from said instruction fetching device, a num-
ber of instructions equal to said second number.

22. An mstruction supplying method according to claim
21, wherein said instruction decoding device further com-
prises means for generating information including issued
instruction number information which indicates the number
of instructions 1ssued to said function units, and branch
generation indicating information which indicates that
applied 1instructions contain a branch instruction and a
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branch 1s generated by said branch instruction and wherein
said 1nstruction supplying method comprises the steps of:

forming an availability flag selectively indicating avail-
ability and unavailability of an instruction in response
to said branch generation indicating information (br__
taken), and an instruction supply indicating signal
(IC__miss, IC__ready and IC__fetch) indicating whether
an 1nstruction supply waiting state 1s awaiting an
instruction from said nstruction memory device 1s set
Oor not;

forming a write queue address and said read queue
address for access to said memory queuing means 1n
response to said 1ssued 1nstruction number 1nformation,
a branch generation indicating signal and said instruc-
tion supply indicating signal; and

reading and writing a predetermined number of instruc-
tions beginning at said read queue address and write
queue address, respectively.

23. An mstruction supplying method according to claim

22, further comprising the steps of:

generating a queue-full signal indicating whether said
predetermined number of write entries 1in said memory
queuing means can have data written theremnto 1n
response to said write queue address and said read
queue address; and
generating a queue-avail signal indicating inhibition of
data writing to said write entries 1 said memory
queuing means 1n response to a queue-tull signal and a
branch generation indicating signal.
24. An 1nstruction supplying method according to claim
23, wherein said step of forming said address comprises the
steps of:

forming said write queue address in response to said
instruction supply indicating signal, said branch gen-
eration indicating signal and said queue-avail signal;
and

forming said read queue address 1in accordance with said
branch generation indicating signal, said 1ssued instruc-
tion number information and an address in said
memory queulng means related to said branch instruc-
tion.

25. An mstruction supplying method according to claim
22, further comprising the step of generating a queue-state
signal indicating that said memory device 1s 1n an 1nstruction
arrival waiting state, 1n response to said branch generation
indicating signal, said instruction supply indicating signal an
instruction fetch request signal; and wherein

said step of forming said write queue address includes a

step of rendering said write queue address unchange-
able 1n response to a queue-state signal.

26. An mstruction supplying method according to claim
22, wherein said instruction decoding device further com-
prises means for generating an entry address which indicates
a position 1n said memory queuing means ol a branch
instruction by which a branch 1s generated; and

wheremn said step of forming a write queue address
includes a step of outputting an entry address of said
branch instruction as said write queue address 1n
response to said branch generation indicating informa-
tion.

27. An mstruction supplying method according to claim
22, wherein said instruction decoding device further com-
prises a function for generating an entry address which
indicates a position 1n said memory queuing means of a
branch instruction by which a branch 1s generated; and
wherelin
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said step of forming said read queue address includes a
step of outputting an entry address of said branch
instruction as said read queue address 1n response to
said branch generation indicating information.

28. An mstruction supplying method according to claim
23, wherein said memory queulng means comprises entry
storing regions which are n in number each corresponding to
one 1nstruction; and

wherein said step of generating said queue-full signal
comprises a step of determining, 1n accordance with a
correlation between values of said number n, said write
queue address and said read queue address, a state 1n
which said memory queuing means 1s currently set,
among a first state which 1s a branch generating or reset
state, a second state 1n which said read queue address
1s larger than said write queue address and a third state
in which said read queue address 1s smaller than said
write queue address; and

said step of generating said queue-full signal further
comprises a step of determining whether writing of an
instruction in said memory queuing means 1s allowed
or not 1n accordance with a determination that said read
queue address and write queue address are equal to
cach other.

29. An mstruction supplying method according to claim
22, wherein said instruction supply indicating signal
includes a first indicating signal (Is-read) indicating whether
said 1nstruction memory supplies an instruction, a second
indicating signal (Is-fetch) indicating whether a request of
instruction 1s generated to said instruction memory device
and a third indicating signal (Is-miss) indicating whether a
current state of the memory queuing means 1s a state for
waiting arrival of requested instruction from said memory;

and

said step of forming said availability flag includes a step
of setting availability flag 1n accordance with indication
of said first indicating signal when said second indi-
cating signal indicates the instruction request or said
third 1ndicating signal indicates the instruction arrival
waiting state, and further setting said availability flag at
an unavailability indicating state 1n response to the
indication of branch generation by said branch genera-
tion indicating information.

30. An mstruction supplying method according to claim
21, wherein said step of storage 1 said memory queuing,
means comprises a step of queuing applied instructions
together with flags formed 1n connection with said applied
instructions and storing the same 1n said memory queuing
means.

31. An mstruction supplying method according to claim
21, wherein each said instruction comprises a plurality of
data bits, and wherein said method further comprises a step
of dividing a predetermined number of instructions which
are simultancously read from said instruction memory
device 1nto groups, and applying the groups to said memory
queulng means.

32. An mstruction supplying method for a parallel pro-
cessing apparatus wherein said parallel processing apparatus
comprises an instruction memory, an instruction fetching
stage for stmultaneously reading a predetermined number of
instructions from said 1nstruction memory and an 1nstruction
decoding stage for decoding the instructions fetched from
said 1nstruction memory and issuing the simultaneously
executable 1nstructions to corresponding function units for
execution thereby, said instruction supplying method com-
prising the steps of:

queuing and storing instructions fetched from said

Instructions memory in storage means; and
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reading a predetermined number of instructions equal to

said number of simultaneously executable instructions

from said storage means and supplying the same to said
instruction decoding stage.

33. An mstruction supplying method according to claim
32, further comprising a step of:

detecting the number of available instructions which have
not yet 1ssued to said 1nstruction decoding stage, 1n said
storage means, and controlling operations for writing
and reading of the 1nstructions in and from said storage
means, 1n accordance with the result of detection.

34. A parallel processing apparatus comprising:

instruction storage means for storing instructions in a
predetermined processing order;

a plurality of functional units for simultaneously process-
ing a plurality of instructions;

instruction fetching means for simultaneously fetching
from said instruction storage means a plurality of
Instructions to be processed;

queue storage means for queuing and storing fetched
instructions at specified addresses thereon and having a
capacity for storing a greater number of instructions
than the number of 1structions fetched simultaneously;

first logic means for forming a queue order for instruc-
tions stored 1n said queue storage means for specilying
addresses of said queue storage means for instruction
writing;

second logic means for specitying addresses of said queue
storage means at which a constant number of fetched
mstructions are to be read; and

decoder means for decoding instructions received from
said queue storage means, detecting simultaneously
executable instructions thereamong, and for applying to
respective related functional units the simultaneously
executable instructions.

35. A parallel processing apparatus according to claim 34,
wherein said decoder means further comprises branch deter-
mination means for determining whether received instruc-
tions include a branch instruction by which a branch is
taken, and wherein said parallel processing apparatus further
comprises setting means responsive to an indication from
said branch determination means of which branch of the
instructions was taken for applying a setting signal to said
first and second logic means for respectively changing the
queue order for storing instructions in said queue storage
means and the order in which fetched instructions in said
queue storage means are read.

36. A parallel processing apparatus according to claim 34,
wherein said first logic means includes means for advancing
the queue order in correspondence with the number of
instructions fetched from said mnstruction storage means and
said second logic means includes means for advancing the
order 1n which instructions are read from said queue storage
means 1n correspondence with the number of instructions
simultaneously supplied to said related functional units.

37. A parallel processing apparatus according to claim 34,
wherein said decoder means includes conditional branch
determination means for determining whether instructions
received from said queue storage means include a condi-
tional branch mstruction

branch determination means for determining whether a
branch by said conditional branch instruction 1s to be
taken, and wherein

said first logic means 1ncludes means for advancing the
queue order in correspondence with the number of
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instructions fetched simultaneously from said instruc-
fion storage means, and said second logic means
includes means for advancing the order in which
instructions are read from said queue storage means 1n
correspondence with the number of instructions simul-
tancously supplied to said functional units, each 1n
response to a determination by said branch determina-
tion means that a branch 1s not to be taken.

38. A parallel processing apparatus according to claim 35,
wherein said decoder means further includes means for
detecting a branch entry at which said branch instruction is
stored 1n said queue storage means and wherein

said setting means includes means for setting said queue
order 1n said first logic means and addresses 1n said
second logic means to addresses beginning at said
branch entry, in response to a branch taken indication.

39. An 1nstruction supplying device 1n a parallel process-
ing apparatus of a superscalar type, wherein said parallel
processing apparatus comprises an instruction memory, an
instruction fetching stage for reading simultaneously a pre-
determined number of instructions from said instruction
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memory and an 1nstruction decoding stage for decoding the
instructions fetched from said instruction memory and 1ssu-
ing the instructions which can be 1n parallel processed to
related function units, said instruction supplying device
comprising;:
queue storage means for queuing and storing 1nstructions
fetched from said instruction memory; and

supplying means for reading a predetermined number of
instructions from said queue storage means and sup-
plying the same to said istruction decoding stage in
accordance with an 1ssued instruction number 1n said
instruction decoding stage.
40. An 1nstruction supplying device according to claim
39, further comprising:

control means for monitoring a storage state of an avail-
able 1nstruction, which 1s not issued to said mstruction
decoding stage, 1n said queue storage means, and
controls writing and reading of the instructions 1n and
from said queue storage means.
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